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Synopsis
1S y n o p s i s . . . .
The exertion is integrated in the thesis with the title “Studies on Bioactive
Heterocyclic Compounds” is describe into following chapters.
CHAPTER-1: SYNTHESIS, CHARACTERIZATION AND ANTIMICROBIAL
SCREENING OF 2-THIOXOHEXAHYDROPYRIMIDINES AND THEIR
DERIVATIVES.
Pyrimidine and their derivatives represent one of the most active classes of calcium
channel blockers and it also possessing wide spectrum of biological activities. In order
to develop better medicinally important compounds, it was considered of interest to
synthesize some new hexahydropyrimidinthiones and their derivatives as under.
SECTION-I: 2-THIOXOHEXAHYDROPYRIMIDINES.
S y n t h e s i s ,  c h a r a c t e r i z a t i o n  a n d  a n t i m i c r o b i a l  s c r e e n i n g  o f  N-(4-
Chlorophenyl)-4-aryl-6-isopropylidene-2-thioxohexahydropyrimidine-5-
caboxamides.
This section covers literature survey, mechanistic studies, and different alternative
routes for the synthesis of parent compounds. Pyrimidines and their derivatives have
attracted interest in medicinal chemistry, exhibiting pharmacological and therapeutic
properties such as antiinflammatory, antiviral, antibacterial, antitumor, calcium channel
antagonist antihypertensive agent and anticancer. Recently pyrimidines have been
imolicated in the catabolism of pyrimidine base. Various catalyst for mild, rapid high
yielding protocol, several ionic liquids mediated synthesis, solid phase synthesis,
microwave and ultrasound assisted synthesis are described in detail in the introductory
part of this section.
N-(4-Chlorophenyl)-4-methyl-3-oxopentanamide react with thiourea and different
aromatic aldehydes to give hexahydropyrimidines. General structure of synthesized
compounds is represented as under.
NH
N
H
O
NH
Cl
S
CH3
CH3
R
2S y n o p s i s . . . .
SECTION-II:    THIAZOLO[3,2-a]PYRIMIDINES.
S y n t h e s i s ,  c h a r a c t e r i z a t i o n  a n d  a n t i m i c r o b i a l  s c r e e n i n g  o f  N-(4-
Chlorophenyl)-5-aryl-7-isopropylidene-3,5,6,7-tetrahydro-2H-thiazolo[3,2-
a]pyrimidine-6-caboxamides.
In  the  current  sec t ion  we have  under taken the  reac t ion  of  2-
thioxohexahydropyrimidines with 1,2-dibromoethane to afford N-(4-chlorophenyl)-5-
aryl-7-isopropylidene-3,5,6,7-tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamides
using DMF as a solvent.
N
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O
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SECTION-III:   PYRIMIDO[2,1-b][1,3]THIAZINES.
S y n t h e s i s ,  c h a r a c t e r i z a t i o n  a n d  a n t i m i c r o b i a l  s c r e e n i n g  o f  N-(4-
Chlorophenyl)-6-aryl-8-isopropylidene-2,3,4,6,7,8-hexahydropyrimido[2,1-
b][1,3]thiazine-7-caboxamides.
In this section we have describe synthesis of N-(4-chlorophenyl)-6-aryl-8-
isopropylidene-2,3,4,6,7,8-hexahydropyrimido[2,1-b][1,3]thiazine-7-caboxamides by
the reaction of 2-thioxohexahydropyrimidines with 1,3-dibormopropane in DMF.
N
N
O
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R
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CHAPTER-2: SYNTHESIS, CHARACTERIZATION AND ANTIMICROBIAL
SCREENING OF PYRAZOLO[3,4-d]PYRIMIDINES.
The pyrazolo[3,4-d]pyridine system has shown many interesting biological and
pharmacological properties, such as antitubercular activity, activity against gram positive
and negative bacteria and ACTH (Adrenocorticotropic hormone)–releasing factor
antagonist activity. Some newly reported applications for this class of compounds are
inhibition of various kinases, phosphodiesterase as well as viral and bacterial growth.
Due to the importance of pyrazolo[3,4-d]pyrimidines, much work has been done
over the years. In most cases pyrazolo[3,4-d]pyrimidines are formed in several steps
from a  suitable pyrazole, or less frequently from a pyrimidine. Introductory part of this
chapter included several methodologies and pharmacological activity.
Synthesis, characterization and antimicrobial screening of 3-Isopropyl-4-aryl-1,4,5,7-
tetrahydro-pyrazolo[3,4-d]pyrimidin-6-ones/thiones.
In this section the synthesis of pyrazolo[3,4-d]pyrimidines is carried out by the
condensation of 5-isopropyl-2,4-dihydro-3-pyrazolone, aromatic aldehydes and urea/
thiourea by two steps.
NH
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Where X = O or S
CHAPTER-3: SYNTHESIS, CHARACTERIZATION AND ANTIMICROBIAL
SCREENING OF THIAZOLO[4,5-d]PYRIMIDINE.
Thiazolo[4,5-d]pyrimidine derivatives, which can be considered as thia-analogues
of the natural purine bases such as adenine and guanine, have acquired a growing
importance as anticancer agents, antiviral agents, antitumour agents and pesticidal  agents.
However, few reports so far are available on the antibacterial activities of thiazolo[4,5-
d]pyrimidine derivatives.
4S y n o p s i s . . . .
This chapter includes introduction, synthetic aspects and therapeutic importance
of thiazolo[4,5-d]pyrimidines.
Synthesis, characterization and antimicrobial screening 7-Aryl-6,7-dihydro-3H,4H-
thiazolo[4,5-d]pyrimidine-2,5-diones -and- 7-Aryl-5-thioxo-4,5,6,7-tetrahydro-
3H-thiazolo[4,5-d]pyrimidin-2-ones.
The cyclocondensation of 2,4-thiazolidinone, urea/thiourea and different aromatic
aldehydes in presence of catalytical amount of HCl to yield the urea/thiourea deivatives
of thiazolo[4,5-d]pyrimidines.
NH
N
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Where X = O or S
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CHAPTER-4: MOLECULAR IODINE CATALYZE AND CLASSICAL
SYNTHESIS, CHARACTERIZATION AND ANTIMICROBIAL SCREENING
OF UNSYMMETRICAL, SYMMETRICAL AND N-PHENYLSUBSTITUTED
1,4-DIHYDROPYRIDINES.
1,4-Dihydropyridines have been known since long as calcium channel blockers.
This structural class is also important because of their wide spectrum of biological
activities, these include antidiabetic, nurotropic, neuromodulatory, cognition and memory
enhancing, neuroprotective and many other properties.
Molecular iodine has been used as a mild and efficient catalyst for various organic
synthesis. The classical method for the synthesis of 1,4-dihydropyridines is a one-pot
condensation of three component in refluxing alcohol. Development of an efficient and
versatile method for the preparation of 1,4-dihydropyridines is an active ongoing research
area and there is scope for further improvement toward synthesis of new derivatives of
1,4-dihydropyridines with milder reaction conditions and improved yields. This chapter
deals with the synthesis of symmetrical and unsymmetrical and N-substituted
dihydropyridines by molecular iodine catalyze and classical method.
5S y n o p s i s . . . .
SECTION-I: UNSYMMETRICAL 1,4-DIHYDROPYRIDINES.
Molecular iodine catalyze and classical synthesis,  characterization and
antimicrobial  screening of   Dimethyl-2-isopropyl-6-methyl-4-aryl-1,4-
dihydropyridine-3,5-dicarboxylates.
Unsymmetrical 1,4-DHPs synthesized via the Hantzsch three component
condensation by molecular iodine catalyze and classical synthesis.
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SECTION-II: SYMMETRICAL 1,4-DIHYDROPYRIDINES.
Molecular iodine catalyze and classical synthesis, characterization and antimicrobial
screening of   2,6-Dialkyl-4-aryl-1,4-dihydropyridine-3,5-dialkyldicarboxylates.
In this section 1,4-DHPs synthesized via the Hantzsch three component
condensation by molecular iodine catalyze & classical synthesis.
N
H
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R2 R2
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SECTION-III: N-PHENYLSUBSTITUTED 1,4-DIHYDROPYRIDINES.
Molecular iodine catalyze and classical synthesis, characterization and antimicrobial
screening of  Di isopropyl -1-subst i tu tedphenyl-2 ,6-dimethyl -4-aryl -1 ,4-
dihydropyridine-3,5-dicarboxylates.
N-substituted 1,4-DHPs synthesized by cyclocondensation of isopropyl
acetoacetate, aromatic amine and different aryl aldehydes.
6S y n o p s i s . . . .
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CHAPTER-5: MICROWAVE ACCELERATED SYNTHESIS,  CHARACTERIZATION
AND ANTIMICROBIAL SCREENING OF TETRAHYDROPYRIMIDINES.
Current chapter deals with the classical and microwave promoted synthesis of
tetrahydropyrimidines by solvent free and catalyst free condition. Starting material 1,3-
dicarobyl compound bearing a trifluoromethyl group have been used in Biginelli reaction.
In analogy to the reaction of 1,3-dicarbonyl compound with thio/urea and different
aromatic aldehydes. These reactions were conventionally carried out in methanol and
neat reaction under microwave irradiation (600W). In all the reactions their reaction
time and yields were compared.
Microwave accelerated synthesis, characterization and antimicrobial screening of 4-Hydroxy-
5-(4-methoxybenzoyl)-6-aryl-4-(trifluoromethyl)tetrahydropyrimidin-2(1H)-ones/thiones.
O
CH3
NH
N
H
OH
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Ha
X
O
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R
Where X = O or S
All the compounds are well characterized by 1H NMR, FT-IR and mass spectral
techniques. Selected compounds have been evaluated for their in vitro antimicrobial
activity towards gram positive, gram negative bacterial strains and fungi.
Studies on Bioactive
Heterocyclic Compounds
7Gene ra l  Int roduc t i on
GENERAL INTRODUCTION
The chemistry of the heterocyclic compounds is as logical as that of aliphatic or
aromatic compounds. This study is of great interest both from the theoretical as well as
practical stand point. A heterocyclic compound is one which possesses acyclic structure
with at least two different kinds of atoms in the ring. The most common type, contain
largely carbon atom, nitrogen, oxygen and sulphur are the most common heteroatoms,
but many other elements, including even bromine, chlorine can also serve. The heterocyclic
compounds containing the less common atoms have been subject to much investigation
in recent years.
The variety of heterocyclic compounds is enormous, their chemistry is complex
and synthesizing them requires great skill. Among large number of heterocycles found in
nature nitrogen heterocycles are most abundant than those containing oxygen of sulphur
owing to their wide distribution in nucleic acid instance and involvement in almost every
physiological process of plants and animals.
Heterocyclic systems are encountered in many groups of organic compounds
possessing great applicability in industry as well as in our life in various ways i. e. most
of the sugars and their derivatives, including vitamin C, for instance, exist largely in the
form of five membered (Furanosied str.) or six membered (Pyranoised str.) ring containing
one oxygen atom. Most members of the vitamin B group possess heterocyclic rings
containing nitrogen; one example is vitamin B6 (Pyridoxine), which is a derivative of the
pyridine essential in amino acid metabolism. Many other examples of the importance of
heterocyclic compounds in biological systems can be given.
Natural products containing heterocyclic compounds such as alkaloids and
glycosides have been used since old age, as remedial agents. Febrifagl alkaloid from
ancient Chinese drug, Chang Shan, reserpine from Indian rouwopifia, Curen alkaloid
from arrow poison, codenine, j-tropine and strychnine are all examples of heterocyclic
compounds. Many antibiotics including penicillin, cephalosporin, norfloxacin,
streptomycin etc. also contain heterocyclic ring systems. Majority of the large number
of drugs being introduced in pharmacopeias in recent years are heterocyclic compounds.
Many veterinary products like pyrantel and morantel are the drug of choice as
broad spectrum anthelmintics. The herbicides atrazine and simazine are well known
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example of heterocyclic agrochemicals. Plant pigments such as indigo, hemoglobin and
anthiocyanins, chlorophyll has contributed much colour chemistry and many other
heterocyclic colouring matters are in use since prehistoric times. The heterocyclic
tetraselena fulvalene was the first ionic molecular crystal to demonstrate superconductivity.
Heterocyclic compounds are obtainable by the following methods.
a. Isolation from natural sources, i.e. alkaloids, amino acids, indigo dyes etc.
b. Degradation of natural products i.e. acridine, furfural, indol, pyridine, quinoline,
thiophene etc.
c. Synthesis: Synthesis methods for obtaining heterocyclic compounds may be
divided into ring closer reactions, addition reaction and replacement reaction.
Cyclisation is usually accomplished by elimination of some small molecules such
as water or ammonia from chain of suitable length.
Heterocyclic compounds have a great applicability as drugs because,
a. They have a specific chemical reactivity.
b. They resemble essential metabolism and can provide false synthons in biosynthetic
process.
The current interest in the creation of large, searchable libraries of organic
compounds has captured an imagination of organic chemists and the drug discovery
community. Efforts in numerous laboratories focused on the introduction of chemical
diversity have been recently reviewed and pharmacologically interesting compounds have
been identified for libraries of widely different compositions.
Research in the field of pharmaceutical has its most important task in the
development of new and better drugs and their successful introduction into clinical
practice. Central to these efforts, accordingly stand the search for pharmaceutical
substances and preparation which are new and original. In addition to these objectives
the searching for drug which exhibit a clear advantage over a drug already known. Such
advantages may be qualitative or quantitative improvement in activity, the absence of
undesirable side effect, a lower toxicity, improved stability of decreased cost.
It is important at the outset to note that drug discovery is not an unambiguous
term in the pharmaceutical R & D world. For example, it can be defined using either
programmatic or organizational approaches (or both), with several options on each
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category. Hence, it is important first to understand this variability and to adopt a specific
definition for the purpose of this discussion.
The contribution of organic chemistry to be development of scientific medicine in
the 19th century mainly from acyclic and carbocyclic compounds, although the pyrazoline
antipyrin (1) was introduced as an antipyretic and analgesic in 1984 and the first
barbiturate baritone (veranol) (2) in 1903. Guttmann treated, malaria with methylene
blue in 1891, with slight success, and in 1912 he introduced acriflavine as trypancide, it
has proved to be more valuable as an antiseptic. Phenazopyridini (pyridium) (3) was
introduced for the same purpose in 1926, and although it is relatively ineffective it has
continued to be used since it has some analgesic action.
N
N
CH3
Ph
O
NHNH
O
OO
Et Et
N NH2
N
N
Ph
1 2 3
Aims and objectives
Taking in view of the applicability of heterocyclic compounds, we have undertaken
the preparation of heterocycles bearing triazole and pyrimidines nucleus. The placements
of a wide variety of substituents of these nuclei have been designed in order to evaluate
the synthesized products for their pharmacological profile against several strains of
bacteria and fungi.
During the course of our research work, looking to the application of heterocyclic
compounds, several entities have been designed, generated and characterized using
spectral studies. The details are as under.
1. To generate several bioactive derivatives  of 2-thioxohexahydropyrimidines, their
fused derivatives of Thiazolo[3 ,2-a ]pyr imidines  and Pyr imido[2 ,1-
b][1,3]thiazines. Pyrazolo[3,4-d]pyrimidines, Thiazolo[4,5-d]pyrimidines have
also synthesized.
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2. Unsymmetrical, symmetircal and N-phenyl substituted 1,4-dihydropyridines have
synthesized by classical synthesis and molecular iodine catalyze synthesis at
ambient temperature.
3. To synthesized several bioactive derivatives of tetrahydropyrimidines under
microwave irradiation by neat reaction.
4. To characterize these products for structure elucidation using various
spectroscopic techniques like IR, PMR and mass spectral analysis.
5. To evaluate these new products for better drug potential against different strains
of bacteria, fungi.
6. Purity of all compounds has been checked by thin layer chromatography.
Chapter-1
(Section-I)
Synthesis, Characterization and
Antimicrobial screening of
2-Thioxohexahydropyrimidines
2 - T h i o x o h e x a h y d r o p y r i m i d i n e s
Chapter-1 (Section-I)
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1 INTRODUCTION
Pyrimidine is the most important member of all the diazines as this ring system
occurs widely in living organisms. Purines, uric acid, barbituric acid, anti-malarial and
anti-bacterial agents also contain the pyrimidine ring. The chemistry of pyrimidine has
been widely studied. Pyrimidine was first isolated by Gabriel and Colman in 1899. Since
pyrimidine is symmetrical about the line passing C-2 and C-5, the positions C-4 and C-
6 are equivalent and so N-1 and N-3 are equivalent. When a hydroxyl or amino group is
present at the 2-, 4- or 6- position than they are tautomeric with oxo and imino
respectively.
Despite the importance of dihydroazines (particularly those containing the 1,4-
dihydropyrimidine and dihydropyridine moiety1) for clarifying a wide range of theoretical,
medicinal and biological problems, the chemistry of this group of compounds is still
extremely spotty.2-6 From the theoretical point of view, it is essential to predict the
structure, binding properties, chemical reactivity, etc. of dihydro compounds from the
number and positioning of nitrogen atoms in the ring, as well as from the disposition of
double bonds. Such quantum mechanical calculations also enable an evaluation of the
degree of aromatic character in potential homoaromatic and antiaromatic isomers.
Availability of novel model compounds for verifying these predictions would open up
new horizons in theoretical heterocyclic chemistry, particularly in clarifying the structures
leading to spontaneous isomerization of a derivative or in verifying its redox properties.
From the biochemical point of view, dihydroazines are of intense interest because
of presence of this group at the active site of the hydrogen transferring coenzyme
(nicotinamide adenine dinucleotied hdrogenase-NADH or reduced nicotinamide adenine
dinucleotide). This nucleotide, a central participant in metabolic processes in living
organisms, participates in the reduction of various unsaturated functionalities.
1. A. L. Weis;  Adv. Heterocycl. Chem., 38, 1 (1985).
2. S. Yasui, K. Nakamura, A. Ohno;  J. Org. Chem., 49, 878 (1984).
3. N. Baba, M. Amano, J. Oda, Y. Inouye;  J. Am. Chem. Soc., 106, 1481 (1984). Annular
Reports in Medicinal Chemistry. 19, 119 (1984).
4. U. Eisner, J. Kuthan;  J. Chem. Reu., 72, 1 (1972).
5. J. Kuthan, A. Kurfurst;  Jnd. Eng. Prod. Res. Deu., 21, 191 (1982).
6. D. M. Stout, A. I. Meyers,  J. Chem. Reu., 82, 223 (1982).
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In the area of drug development, dihydroazines show great promise, particularly
since the 4-aryldihydropyridines exhibit powerful vasodilation activity via modifying the
calcium ion membrane channel.7-11 Additionally, dihydropyridines have been found to
actively transport medication across biological membranes.12
Until recently, most of the information available on dihydroazines centered around
dihydropyridines, with very little data extending to the related dihydropyrimidines.
This lacuna has motivated our deep involvement in developing dihydropyrimidine
chemistry, particularly dihydropyrimidines containing no substituents on the ring nitrogen.13
These molecules have long been considered unstable for oxidation, polymerization or
disproportionation reactions.14
Figure-1 depicts the five possible isomeric structures of dihydropyrimidines,
exhibiting different dispositions of the double bonds.
        A        B        C        D        E
   
N
N
H
NH
N
H
N
N
H
N
N
N
N1
2
3
4
5
6
       1,2-       1,4-        1,6-         2,5-        4,5-
Figure-1
7. F. Bossert, W. Vater;  Naturwissenshaften,  58, 578 (1971).
8. W. Vater, G. Kronenberg; F. Hoffmeister, H. Keller, A. Meng, A. Oberdorf, W. Puls, K. Schlossmann, K.
Stoepel;  Arzneim. Forsch., 22, 1 (1972).
9. B. Loev, M. M. Goodman, K. M. Snader, R. Tedeschi, E. Macko,  J. Med. Chem., 17, 956 (1974).
10. P. H. Stone;  J. Cardiouasc. Med., 7, 181 (1982).
11. F. Bossert, H. Meyer, E. Wehinger;  Angew. Chem., Int. Ed. Engl., 20, 762 (1981).
12. N. Bodor; In Design of Biopharmaceutical Properties Through Prodrugs and Analogs; E. B. Roche,
Ed.; American Pharmaceutical Association: Washington, DC, 1977; p 98.
13. A. L. Weis, H. C. van der Plas,  Heterocycles, 24, 1433 (1986).
14. D. J. Brown,  In The Chemistry of Heterocyclic Compounds; A. Weissberger, Ed.; Wiley (Interscience):
New York, (1962). D. J. Brown,  In The Chemistry of Heterocyclic Compounds, Suppl. 1; A. Weissberger;
Ed.; Wiley: New York, (1970).
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However, these structures are not easy to synthesize and, as a result, most of the
known dihydropyrimidines have either 1,2- (A) or the tautomeric 1,4- (B) and 1,6- (C)
geometry. On the basis of data available in the literature,15,16 the dihydropyrimidines can
be conveniently divided into two groups, within each of which interconversion between
isomers is possible under thermal conditions, namely, the 1,4- (B), 1,6- (C), and 4,5- (E)
compounds, and the 1,2- (A) and 2,5- (D) isomers. It is worthwhile to note that, while
thermal interconversion between the two groups is not observed, photochemical
rearrangement of 1,4-(or 1,6-)dihydropyrmidines to 1,2-isomers has been reported.17-18
It should be stressed that dihydroazines take part in various isomerization
processes, usually characterized by reversible or irreversible migrations within the ring,
the study of which is still in its infancy. Hydrogen migration, for example, is classified
either as rearrangement or tautomerism depending on its kinetic and thermodynamic
parameters; the former term is reserved for irreversible processes, while the latter is
used to describe fast reversible exchanges.19 A study of isomerization in
dihydropyrimidines provides an excellent opportunity for clarifying the factors regulating
these processes.
After successfully developing versatile synthetic techniques for obtaining a variety
of 1,4- and 1,6-dihydropyrimidines,20-22 as well as the observation of amidinic tautomerism
between the two,23-24 A. L. Weis et al.15 examining the possibility of preparative synthesis
of similarly N-unsubstituted 1,2-dihydro derivatives and studying their properties.
Particularly important goals of this study were the possible observation of the formally
allowed hydrogen shift,23 of homoaromaticity25-26 or of imine-enamine tautomerism27 in
these compounds, behaviors of which have been seen in other systems.
15. A. L. Weis, F. Frolow, R. Vishkautsan; J. Org. Chem., 51, 4623-4626 (1986).
16. A. L. Weis, R. Vishkautsan;  Heterocycles 23, 1077 (1985).
17. R. E. van der Stoel, H. C. van der Plas;  J. Chem. SOC., Perkin Trans.-1, 1288 (1979).
18. R. E. van der Stoel, H. C. van der Plas;  J. Chem. Soc., Perkin Trans.-1, 2393 (1979).
19. Y. I. Minkin, L. P. Olekhnovich, Y. A. Zhdanov; Acc. Chem. Res., 14, 210 (1981).
20. A. L. Weis;  Synthesis. 528 (1985).
21. A. L. Weis, F. J. Frolow;  Chem. Soc., Perkin Trans.-1, 83 (1986).
22. A. L. Weis, R. Vishkautsan;  Isr. J. Chem., in press.
23. A. L. Weis; Tetrahedron lett., 23, 449 (1982).
24. A. L. Weis, Z. Luz Porat; J. Am. Chem Soc., 106, 8021 (1984).
25. L. A. Paquette,  Angew. Chem., Int. Ed. Engl., 7, 565 (1968).
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To date few reports on the formation of 1,2-dihydropyrimidines exist in the
literature, and in those cases where a product could be isolated and characterized, the
material was either an N-substituted derivative or else it contained geminal disubstitution
at position 2, situations that prevent the molecule from oxidizing to the corresponding
pyrimidine.
 Pyrimidine ring carrying various substituents may be built up from two or three
aliphatic fragments by the principle synthesis or by a variety of other synthesis, which
are complimentary rather than alternative to it. A second type of synthesis is the
isomerisation or break down of another heterocycles such as an hydration of purine but
such roots are frequently used.
26. L. A. Paquette; Acc. Chem. Res., 6, 393 (1973).
27. J. Armond, K. Chekir, J. Pinson;  Can. J. Chem., 52, 3971 (1974).
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2 SYNTHETIC ASPECT
2.1 Biginelli Reaction
In 1893, Italian chemist Pietro Biginelli reported an acid catalyzed
cyclocondensation reaction of ethyl acetoacetate, benzaldehyde, and urea. The reaction
was carried out by simply heating a mixture of the three components dissolved in ethanol
with a catalytic amount of HCl at reflux temperature. The product of this novel one-pot,
three-component synthesis that precipitated on cooling of the reaction mixture was
identified correctly by Biginelli as 3,4-dihydropyrimidin-2(1H)-one.28
 
Me O
O
EtO2C
O H
+ NH2
NH2 O
N
NMe O
O
EtO2C
H
H
H
+
EtOH
Biginelli Dihydropyrimidine Synthesis
2.2 Alternative synthetic routes for better yield, shorter reaction time to
synthesize new analogs
Various modifications have been applied to Biginelli reaction to get better yield
and to synthesize biologically active analogs. Different catalysts have been reported to
increase the yield of the reaction. Microwave synthesis strategies have also applied to
shorten the reaction time. Solid phase synthesis and combinatorial chemistry has made
possible to generate library of DHPM analogs.
2.2-A Catalysts
Min Yang and coworkers29 have synthesized the different DHPMs by using
different inorganic salts as a catalyst. They found that the yields of the one-pot Biginelli
reaction can be increased from 20-50% to 81-99%, while the reaction time shorted for
28. P. Biginelli;  Gazz.Chem. Ital., 23, 360-416 (1893).
29. Y. Ma, C. Qiana, L.Wang, M. Yang; J. Org. Chem., 65, 3864-3868 (2000).
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18-24 hr to 20 min. This report discloses a new and simple modification of the Biginelli-
type reaction by using Yb(OTf)3 and YbCl3 as a catalyst under solvent free conditions.
One additional important feature of the present protocol is the catalyst can be easily
recovered and reused.
R CHO
O
NH2 NH2
O
R1 R2
O
+ +
Yb(OTf)3
100
NH
N
H
RO
R1
R2 O
Indium(III) chloride was emerged as a powerful Lewis catalyst imparting high
region and chemo selectivity in various chemical transformations. B. C. Ranu and
coworkers30  reported indium chloride(InCl3) as an efficient catalyst for synthesis of 3,4-
dihydropyrimidn-2(1H)-ones. A variety of substituted aromatic, aliphatic, and heterocyclic
aldehydes have been subjected to this condensation very efficiently. Thiourea has been
used with similar success to provide the corresponding dihydropyrimidin-2(1H)-thiones.
O
R
1
R
2
O
+ R3 CHO
X
NH2 NH2
+
InCl3
THF
NH
N
H
R
3
O
R
2
R
1
X
Where X = O or S
Majid M. Heravi et al. have reported a simple, efficient and cost-effective method
for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thions by one pot three-component
cyclocondensation reaction of a 1,3-dicarbonyl compound, an aldehyde and urea or
thiourea using 12-tungstophosphoric acid31 and 12-molybdophosphoric acid32 as a
recyclable catalyst.
NH2 NH2
X
+
R1 H
O
+
CH3
O
R2
O 12-molybdophosphoric acid
12-tungstophosphoric acid OR
AcOH/reflux
NH
N
H
R1 H
R2COO
CH3 X
Where X = O or S
30. B. C. Ranu, A. Hajra, U. Jana; J. Org. Chem., 65, 6270-6272 (2000).
31. M. M. Heravi, F. Derikvand, F. F. Bamoharram; J. Mol. Catal., 242, 173-175 (2005).
32. M. M. Heravi, K. Bakhtiari, F. F. Bamoharram; Catal. Commun., 7, 373-377 (2006).
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A novel covalently anchored sulfonic acid onto the surface of silica was prepared
and investigated for the Biginelli reaction by Satya Paul and co-workers.33 The catalyst
is highly stable, completely heterogeneous and recyclable for several times.  The work-
up procedure is very simple and Biginelli compounds were obtained in good to excellent
yields.
CH3 O
O
OCH3
R
O H
+ NH2
NH2 X
Catalyst 1
Stirring at 80
o
C, 7
NH
N
H
R1 H
CH3 X
O
OCH3
Where X = O or S
An efficient three-component synthesis of 3,4-dihydropyrimidinones using
trichloroisocyanuric acid (TCCA) as mild, homogeneous and neutral catalyst for Biginelli
reaction in ethanol or DMF under reflux condition.34
33. R. Gupta, S. Pal, R. Gupta;  J. Mol. Catal., 266, 50-54 (2007) .
34. M. A. Bigdeli, S. Jafari, G. H. Mahdavinia, H. Hazarkhani; Catal. Comm., 8 , 1641-1644 (2007).
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Very recently, many researchers35-41 have investigated an efficient Biginelli reaction
under solvent-free conditions for one-pot synthesis of 3,4-dihydropyrimidi-2-(1H)ones/
thiones using various catalyst as described under.
R O
O
R1
O H
+ NH2
NH2 X
NH
N
H
R X
O
H
R1various catalyst
R
Where X = O or S
35. Yang Yu, Di Liu, Chunsheng Liu, Genxiang Luo, Bioorg. Med. Chem. Lett., 17, 3508–3510 (2007).
36. WeiYi Chen, SuDong Qin, JianRong Jin; Catal.Commun.,  8, 123–126 (2007).
37. A. Kumar, R. A. Maurya; J. Mol. Catal., 272, 53–56 (2007).
38. X. Wang, Z. Quan, Z. Zhang; Tetrahedron, xx, 1–7 (2007).
39. N. Ahmed, J. E. van Lier; Tetrahedron Lett., 48,  5407-5409 (2007).
40. N. S. Nandurkar, M. J. Bhanushali, M. D. Bhor, B. M. Bhanage; J. Mol. Catal., 271, 14-17 (2007).
41. F. Shirini, K. Marjani, H. T. Nahzomi,  Arkivoc, (i) 51-57 (2007).
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2.2-B Solid phase synthesis 
 The generation of combinatorial libraries of heterocyclic compounds by solid 
phase synthesis is of great interest for accelerating lead discovery and lead optimization 
in pharmaceutical research.42,43 Multicomponent reactions (MCRs) leading to 
heterocycles are particularly useful for the creation of diverse chemical libraries, since the 
combination of n≥3 small molecular weight building blocks in a single operation leads to 
high combinatorial efficiancy.42-44 Therefore, solid phase modifications of MCRs are 
rapidly becoming the cornerstone of combinatorial synthesis of small-molecule 
libraries.42-47 One such MCR that has attracted considerable attention in recent years is the 
Biginelli reaction, which involves the one-pot cyclocondensation of a b-ketoester with an 
aryl aldehyde and an urea/thiourea derivative.48   
The first actual solid-phase modification of the Biginelli condensation was reported by 
Wipf and Cunningham49 in 1995. In this sequence, g-aminobutyric acid-derived urea was 
attached to Wang resin using standard procedures. The resulting polymer-bound urea was 
condensed with excess b-ketoesters and aromatic aldehydes in THF at 55 °C in the 
presence of a catalytic amount of HCl to afford the corresponding immobilized DHPMs. 
Subsequent cleavage of product from the resin by 50% trifluoroacetic acid  (TFA) 
provided DHPMs in high yields and excellent purity. 
O
O
R1
CH3R2
Ar
O H
O
NH2
NH
O
O
P
+
1. THF, HCl, 55 
2. TFA, CH2Cl2 O
NH
N
OH
O
CH3
R2
CH3
O
R1
 
 
 
 
 
 
 
 
 
 
42. A. Nefzi, J. M. Ostresh,  R. A. Houghton; Chem. Rev., 97, 449 (1997). 
43. J. W. Corbett;  Org. Prep. Proced. Int., 30, 489 (1998). 
44. I. Ugi;  J. Prakt. Chem., 339, 499 (1997). 
45. A. Doemling;  Combinatorial Chemistry & High Throughput Screening, 1,  1 (1998). 
46. L. F. Tietze, M. E. Lieb; Curr. Opin. Chem. Biol., 2, 363 (1998). 
47. S. L. Dax, J. J. McNally, M. A. Youngman;  Curr. Med. Chem., 6, 255 (1999). 
48. For a review on DHPMs, see: C. O. Kappe;  Tetrahedron, 49, 6937 (1993).  
49. P. Wipf, A. Cunningham;  Tetrahedron Lett., 36, 7819-7822 (1995). 
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Weiwei Li and Yulin Lam50 described the synthesis of 3,4-dihydropyrimidin-2-
(1H)ones/thions using sodium benzenesulfinate as a traceless linker. The key steps 
involved in the solid-phase synthetic procedure include (i) sulfinate acidification, (ii) 
condensation of urea or thiourea with aldehydes and sulfinic acid, and (iii) traceless 
product release by a one-pot cyclization-dehydration process. Since a variety of reagents 
can be used in steps ii and iii, the overall strategy appears to be applicable to library 
generation. 
 
 Recently, Gross et al.51 developed a protocol for based on immobilized α-
ketoamides to increase the diversity of DHPM. The resulting synthetic protocol proved to 
be suitable for the preparation of a small library using different building blocks. They 
found that the expected DHPM derivatives were formed in high purity and yield if 
aromatic aldehyde and α-ketoamide building blocks were used. The usage of an aliphatic 
aldehyde leads to an isomeric DHPM mixture. Purities and yields were not affected if 
thiourea was used instead of urea. 
R
NH
O
O
O
O
CH3
Polymer
R
NH
O
O
O
O
CH3
Polymer
R
SNH2
NH2
+
Cl
- R
NH
O
O
O
NH
CH3
Polymer
R SN
 
 
 
 
50. Li Weiwei, Lam Yulin;  J. Comb. Chem., 7, 721-725 (2005).  
51. G. A. Gross, Hanns Wurziger, Andreas Schober; J. Comb. Chem., 8, 153-155 (2006). 
2 - T h i o x o h e x a h y d r o p y r i m i d i n e s
Chapter-1 (Section-I)
21
2.1-C Liquid phase synthesis
In the solid phase synthesis there are some disadvantages of this methodology
compared to standard solution-phase synthesis, such as difficulties to monitor reaction
progress, the large excess of reagents typically used in solid-phase supported synthesis,
low loading capacity and limited solubility during the reaction progress and the
heterogeneous reaction condition with solid phase.52
Recently, organic synthesis of small molecular compounds on soluble polymers,
i.e. liquid phase chemistry has increasingly become attractive field.53 It couples the
advantages of homogeneous solution chemistry with those of solid phase chemistry.
Moreover owing to the homogeneity of liquid-phase reactions, the reaction conditions
can be readily shifted from solution-phase systems without large changes, and the amount
of excessive reagents is less than that in solid-phase reactions.
In the recent years, Task Specific room temperature Ionic Liquids (TSILs) have
emerged as a powerful alternative to conventional molecular organic solvents or catalysts.
Liu Zuliang et al.54 reported cheap and reusable TSILs for the synthesis of 3,4-
dihydropyrimidin-2(1H)-ones via one-pot three component Biginelli reaction.
Ionic liquid-phase bound acetoacetate react with (thio)ureas and various aldehydes
with a cheap catalyst to afford ionic liquid-phase supported 3,4-dihydropyrimidin-2(1H)-
(thi)ones by Jean Pierre Bazureau and co-workers.55
3,4-dihydropyrimidinones (Biginelli products) are synthesized in one-pot of
aldehydes, â-dicarbonyl  compounds and urea, catalyzing by non-toxic room temperature
ionic liquid 1-n-butyl-3-methylimidazolium  saccharinate (BMImSac).56
CH3 CH3
O
NH2 NH2
O
R1 R2
O
+ +
N N+CH3 C4H9
N
S
O
O O
"
N
N
R
1
H
H
OCH3
R
2
CO
N
R
2
CO
R
1
COR
2
CH3CH3
H
+
52. P. M. Toy, K. D. Janda; Acc. Chem. Res., 33, 546-554 (2000).
53. (a) D. J. Gravert, K. D. Janda;  Chem. Rev., 97, 489 (1997). (b) P. Wentworth, K. D. Janda;  Chem. Rev.,
1917 (1999). (c) P. H. Toy; K. D. Janda;  Acc. Chem. Res., 33, 546 (2000).
54. Fang Dong, Luo Jun, Zhou Xinli, Ye Zhiwen, Liu Zuliang; J. Mol. Catal., 274, 208-211 (2007).
55. Jean Christophe Legeay, Jean Jacques Vanden Eynde, Loic Toupet, Jean Christophe Legeay; ARKIVOC,
(iii) 13-28 (2007).
56. Li Minga, Guo Wei-Si, Wen Li-Rong, Li Ya-Feng, Yang Hua-Zheng; J. Mol. Catal., 258, 133-138 (2006).
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2.2-D Microwave assisted synthesis
In general, the standard procedure for the Biginelli condensation involves one-
pot condensation of the three building blocks in a solvent such as ethanol using a strongly
acidic catalyst, that is hydrochloric acid.57 One major drawback of this procedure, apart
from the long reaction times involving reflux temperatures, are the moderate yields
frequently observed when using more complex building blocks.
Microwave irradiation (MWI) has become an established tool in organic synthesis,
because the rate enhancements, higher yields, and often, improved selectivity, with respect
to conventional reaction conditions.58 The publication by Anshu Dandia et al.59 described
12 examples of microwave-enhanced solution-phase Biginelli reactions employing ethyl
acetoacetate, (thio)ureas, and a wide variety of aromatic aldehydes as building blocks.
Upon irradiation of the individual reaction mixtures (ethanol, catalytic HCl) in an open
glass beaker inside the cavity of a domestic microwave oven the reaction times were
reduced from 2–24 hours of conventional heating (80 oC, reflux) to 3–11 minutes under
microwave activation (ca. 200–300 W). At the same time the yields of DHPMs obtained
by us were markedly improved compared to those reported earlier using conventional
conditions.
CH2
CH3 O
H5C2OOC
Ar
O H
+ NH2
RNH X
Microwaves
C2H5OH, H
+
NH
NCH3 X
H5C2OOC
Ar
R
57. G. A. Gross, H. Wurziger, A. Schober; J. Comb. Chem., 8, 153-155 (2006).
58. (a) S. Caddick;  Tetrahedron, 51, 10403 (1995). (b) S. Deshayes, M. Liagre, A. Loupy, J. Luche, A.Petit;
Tetrahedron, 55, 10851(1999). (c) P. Lidstrom,  J. Tierney, B. Wathey,  J. Westman; Tetrahedron, 57,
9225 (2001). (d) A. Kirschning, H. Monenschein, R. Wittenberg; Angew. Chem. Int. Ed., 73, 193,
(2001). (e) R.S. Varma;  Pure Appl. Chem., 73, 193 (2001). (f) A. Loupy; Microwaves in Organic
Synthesis; Wiley-VCH: Weinheim, 2002.
59. A. Dandia, M. Saha, H. Taneja,  J. Fluorine Chem., 90, 17 (1998).
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In recent years, solvent free reactions using either organic or inorganic solid
supports have received increasing attention.60 There are several advantages to performing
synthesis in dry media: (i) short reaction times, (ii) increased safety, (iii) economic
advantages due to the absence of solvent. In addition, solvent free MWI processes are
also clean and efficient.
Activated fly ash, an industrial waste (pollutant) is an efficient and novel catalyst
for some selected organic reactions in solvent free conditions under microwave
irradiation.61 M. Gopalakrishnan and co-workers have reported Biginelli reaction under
microwave irradiation in solvent-free conditions using activated fly ash as a catalyst.
2.1-E Ultrasound assisted synthesis
Ultrasound as a green synthetic approach has gradually been used in organic
synthesis over the last three decades. Compared with the traditional methods, it is more
convenient, easier to be controlled, and consumes less power. With the use of ultrasound
irradiation, a large number of organic reactions can be carried out in milder conditions
with shorter reaction time and higher product yields.62
Ultrasound irradiated and amidosulfonic acid (NH2SO3H) catalyzed synthesis of
3,4-dihydropyrimidi-2-(1H)ones have reported by Ji-Taai Li and co-workers63 using
aldehydes, á-ketoester and urea.
60. P. Diddams, M. Butters,  In Solid Supports and Catalysts in Organic Synthesis; K. Smith; Ed.; Ellis
Harwood and PTR Prentice Hall: New York and London, 1992, Chapters 1, 3 and 5.
61. M. Gopalakrishnan, P. Sureshkumar, V. Kanagarajan, J. Thanusu, R. Govindaraju;  Arikvoc, (xiii) 130-
141 (2006).
62. (a)  H. A. Stefani,  C. M. P. Pereira,  R. B. Almeida,  R. C. Braga,  K. P. Guzen, R. Cella;  Tetrahedron Lett.,
46, 6833 (2005). (b)  Z. L. Shen, S. J. Ji, S.Y. Wang , X. F. Zeng;  Tetrahedron, 61, 10552 (2005) .
63. Ji-Tai Li, Jun-Fen Han, Jin-Hui Yang, Tong-Shuang Li; Ultrasonics Sonochemistry 10, 119-122 (2003).
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Chenjiang Liu et al.64 have synthesized a novel series of 4-substituted pyrazolyl-
3,4-dihydropyrimidin-2(1H)-(thio)ones under ultrasound irradiation  using magnesium
perchlorate [Mg(ClO4)2] as catalyst, by the condensation of 5-chloro/phenoxyl-3-methyl-
1-phenyl-4-formylpyrazole, 1,3-dicarbonyl compound and urea or thiourea in moderate
yields. The catalyst exhibited remarkable reactivity and can be recycled.
N
N
CH3 CHO
Ph
R
1
X
NH2 NH2
+
O
R
2
R
3
O
+
10 mol% Mg(ClO4)2
EtOH, reflux
N
N
CH3
Ph
R
1
NHNH
X
O R
2
R
3
Where X = O or S
Sonication of aromatic aldehydes, urea and ethyl acetoacetate in presence of
solvent (ethyl alcohol) or solvent-less dry media (bentonite clay) by supporting-zirconium
chloride (ZrCl4) as catalyst at 35 kHz gives 6-methyl-4-substitutedphenyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylic acid ethyl esters proficiently in high yields reported
by Harish Kumar.65
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R3 R1
H
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CNNH2 H2
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CH3
CH3
CH2
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CH3
EtOH-ZrCl4 (Cat.)
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Bentonite Clay - ZrCl4 (Cat.)
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20-35 min
NH
N
COOEt
CH3
H
O
R3
R2
R1+ +
64. X. Zhang, Y. Li, C. Liu, J. Wang; J. Mol. Catal., 253, 207-211(2006).
65. H. Kumar, A. Parmar; Ultrasonics Sonochemistry, XXX, XXX (2007). Article in Press
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3 MICHANISTIC STUDY
In 1893 Biginelli reported the first synthesis of dihydropyrimidines by a simple
one-pot condensation reaction of ethyl acetoacetate, benzaldehyde and urea.66
 
Me O
O
EtO2C
O H
+ NH2
NH2 O
N
NMe O
O
EtO2C
H
H
H
+
EtOH
Despite the importance and current interest in dihydropyrimidines of the Biginelli
type, the mechanism of the classical three-component Biginelli condensation has not
been elucidated with certainty67  Early work by Folkers and Johnson68 suggested that
N,N”-benzylidienebisurea (i.e. the primary bimolecular condensation product of
benzaldehyde and urea), is the first intermediate in this reaction.
O
NH2 NH2
O
R H
R
NH
NH NH2
O
O
NH2
EtO2C
Me O
R
NH
NH NH
O
O
NH2
MeOH
CO2Et
OH2
NH
N
H
Ph
EtO2C
Me O
2   X +
In 1973 Sweet and Fissekis proposed that a “carbenium ion mechanism”,
produced by and acid-catalyzed aldol reaction of benzaldehyde with ethyl acetoacetate,
is the key intermediate and is formed in the first and limiting step of the Biginelli reaction.69
66. P. Biginelli;  Gazz.Chim. Ital., 23, 360-416 (1893).
67. C. O. Kappe;  Tetrahedron, 49, 6937-6963 (1993).
68. K. Folkers, T. B. Johnson;  J. Am. Chem. Soc., 55, 3784-3791 (1933).
69. F. Sweet, J. D. Fissekis;  J. Am. Chem. Soc., 95, 8741-8749 (1973).
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Kappe C. O.70 carried out a detailed reinvestigation of the mechanism of the
Biginelli condensation using 1H-NMR and 13C-NMR spectroscopy to identify possible
intermediates.
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70. C. O. Kappe; J. Org. Chem., 62, 7201-7204 (1997).
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Kappe have established that the key step in this sequence involves the acid-
catalyzed formation of an N-acyliminium ion intermediate of type (5) from the aldehyde
(2) and urea (3) precursors. Interception of the iminium ion (5) by ethyl acetoacetate
(1), presumably through its enol tautoer, produces an opean chain ureide (7) which
subsequently cyclizes to hexahydropyrimidine (10). Acid-catalyzed elimination of water
form (10) ultimately leads to the final DHPM product (11). The reaction mechanism can
therefore be classified as an á-amidoalkylation, or more specifically as an á-
uridoalkylation.71
71. H. Petersen; Synthesis, 243-292 (1973).
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4 BIOLOGICAL PROFILE
4-Aryl-1,4-dihydropyridines of the nifedipine type (DHPs, e.g nifedipine) are
the most studied class of organic calcium channel modulators. More than 30 years after
the introduction of nifedipine (12), many DHP analogs have now been synthesized and
numerous second-generation commercial products have appeared on the market (e.g.
nitrendipine, nicardipine and amlodipine).72
The aza-analogs such as dihydropyrimidines of type (13) (DHPMs) which show
a very similar pharmacological profile to classical dihydropyridine calcium channel
modulators.73-80 Over the past several lead-compounds were developed (e.g. 13, SQ
32926 and (14) SQ 32574)76-78  that are superior in potency and duration of
antihypertensive activity to classical dihydropyridine drugs, and compare favorable with
second-genera t ion  analogs  such  as  amlodip ine  and n icard ip ine . 76,77
N
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12 13 14SQ 32926 SQ 32574
72. F. Bossert, W. Vater,  Med. Res. Rev., 9, 291 (1989).
73. H. Cho, M. Ueda, K. Shima, A. Mizuno, M. Hayashimatsu, Y. Ohnaka, Y.Takeuchi, M. Hamaguchi, K.
Aisaka, T. Hidaka, M. Kawai, M. Takeda, T. Ishihara, K. Funahashi, F. Sarah, M. Morita, T. J. Noguchi;
Meal. Chem., 32, 2399-2406 (1989).
74. K. S. Atwal, G. C. Rovnyak, J. Schwartz, S. Moreland, A. Hedberg, J. Z. Gougoutas, ; M. F. Malley, D. M.
Floyd,  J. Med Chem., 33, 1510-1515 (1990).
75. K. S. Atwal, G. C. Rovnyak, S. D. Kimball, D. M. Floyd, S. Moreland, B. N. Swanson, J. Z. Gougoutas,
J. Schwartz, K. M. Smillie, Malley, M. F..1. Med. Chem., 33, 2629-2635 (1990).
76. K. S. Atwal, B. N. Swanson, S. E. Unger, D. M. Floyd, S. Moreland, A. Hedberg, B. C. O’Reilly;  J. Med.
Chem., , 34,  806-811 (1991).
77. G. C. Rovnyak, K S. Atwal, A. Hedberg, S. D. Kimball, S. Moreland, J. Z. Gougoutas, B. C O’Reilly, J.
Schwartz, M. F. Malley;  J. Med Chem., 35, 3254-3263 (1992).
78. G. J. Grover, S. Dzwonczyk, D. M. McMullen, C. S. Normadinam, P. G. Sleph, S. J. Moreland;  J.
Cardiovasc. Pharmacol. , 26, 289-294 (1995). M. Negwer,  Organic-Chemical Drugs and their
Synonyms; Akademie Verlag: Berlin, p. 2558 (1994).
79. G. C. Rovnyak, S. D. Kimball, B. Beyer, G. Cucinotta, J. D. DiMarco, J. Gougoutas, A. Hedberg, M.
Malley, J. P. McCarthy, R. Zhang, S.  Moreland, J. Med. Chem., 38, 119-129 (1995). For a discussion,
see: D. J. Triggle, S. Padmanabhan;  Chemtracts: Org. Chem., 8, 191-196 (1995).
80. C. O. Kappe, J. Birgit, P. Tetiana;  Molecules, 5, 227-239 (2000).
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Calcium ion plays a vital role in a large number of cellular processes, including
excitation-contraction and  stimulus-secretion.81,82 The regulation of the intracellular
concentration of this ion makes possible the control of such Ca2+-dependent processes.
One means of accomplishing this is by the use of agents known as calcium channel
antagonists, which inhibit the movement of calcium through certain membrane channel.83-85
K. S. Atwal86 prepared the 2-heterosubstituted-4-aryl-l,4-dihydro-6-methyl-5
pyrimidinecarboxylic acid esters (15), which lack the potential C3 symmetry of
dihydropyridine calcium channel blockers, were prepared and evaluated for biological
activity. Biological assays using potassium-depolarized rabbit aorta and radioligand
binding techniques showed that some of these compounds are potent mimics of
dihydropyridine calcium channel blockers. The combination of a branched ester (e.g.
isopropyl, sec-butyl) and an alkylthio group (e.g. SMe) was found to be optimal for
N
N
H
COOR
3
MeR
2
X
R
1
N
N
H
COOEt
MeS
NO2
15 16
biological activity.  Dihydropyrimidines (15) were found to be 30-fold less active than
dihydropyridines. The solid-state structure of dihydropyrimidine analogue (16) shows
that these compounds can adopt a molecular conformation which is similar to the reported
conformation of dihydropyridine calcium channel blockers.
81. R. H. Kretsinger;  Adv. Cyclic Nucleotide Res., 11, 1 (1979).
82. J. W. Putney Jr; Pharmacol. Rev., 30, 209 (1978).
83. L. B. Rosenberger D. J. Triggle;   Calcium and Drug Action; G. B. Weiss, Ed.; Plenum Press: New York,
1978.
84. D. J. Triggle;  New Perspectives on Calcium Antagonists; G. B. Weiss, Ed.; American Physiological
Society: Bethesda, MD 1981.
85. A. Fleckenstein;  Annu. Rev. Pharmacol. Toxicol, 17, 149 (1977).
86. K. S. Atwal, C. Rovnyakg, J. Schwartz, S. Moreland, A. Hedberg, J. Z. Gougoutas, M. F. Malley, D. M.
Floyd;  J.Med. Chem., 33, 1510-1515 (1990).
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Atwal K. et  al.87  synthesized the 3-substituted 1,4-dihydropyrimidine (17) and
documented that vasorelaxant activity was critically dependent on the size of the C5
ester group, isopropyl ester being the best, a variety of substituents (carbamate, acyl,
sulfonyl, alkyl) were tolerated at N3. The dihydropyrimidines (17) are significantly more
potent than corresponding 2-heteroalkyl-l,4-dihydropyrimidines. Dihydropyridine
enantiomer usually show 10-15 fold difference in activity, while the enantiomers of
dihydropyrimidine (18) show more than a 1000 fold difference in activity. These results
strengthen the requirement of an enamino ester for binding to the dihydropyridine receptor
and indicate a nonspecific role for the N3-substituent.
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George C. Rovnyak et al.88 examined a series of novel dihydropyrimidine calcium channel
blockers that contain a basic group attached to either C5 or N3 of the heterocyclic ring.
One of these compounds was identified as a lead, and the individual enantiomers (19a)
(R) and (19b) (S) were synthesized. Dihydropyrimidine (19a) is equipotent to nifedipine
and amlodipine in vitro. In the spontaneously hypertensive rat, dihydropyrimidine (19a)
is more potent and longer acting than nifedipine and compares most favorably with the
long-acting dihydropyridine derivative amlodipine. Dihydropyrimidine (19a) has the
potential advantage of being a single enantiomer
87. K. S. Atwal, G. C. Rovnyak, D. S. Kimball, M. F. David, M. Suzanne, N. S. Brian, Z. G. Jack, S. Joseph, M.
S. Kaye, F. M. Mary;  J. Med. Chem., 33, 2629 (1990).
88. G. C. Rovnyak, K. S. Atwal, A. Hedberg, S. D. Kimball, S. Moreland: J. Z. Gougoutas, B. C. O’Reilly, J.
Schwartz, M. F. Malleys; J. Med. Chem., 35, 3254-3263 (1992).
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Selma Sarac and co-workers89,90 have synthesized 4-arlyl-3,4-dihydropyrimidin-
2(1H)-one/thione derivatives. The calcium channel blocker activities of all compounds
performed on isolated rat ileum. Product (20), 2-nitrophenyl derivative and (21), 2-
bromophenyl derivative have potent antispasmodic activity on BaCl2 stimulated rat ileum.
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H3CO2C
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N. Dhanapalan and co-workers91 have synthesized dihydropyrimidinones and
describe compound (22) have a high binding affinity (Ki = 0.2nM) for á 1a receptor and
greater than 1500 fold selectivity over á 1b and á 1d adrenoceptors. Modification of the
linker in (22) gave compounds (23) and (24)92 viz ì-opioid receptor. Both these compounds
showed good á 1a binding affinity (Ki = 0.2nM) and selectivity (>800-fold over á 1b and
á 1d), also showed good selectivity over several other recombinant human G-protein
89. I. S. Zorkun, S. Sarac, S. Celebib, K. Erolb; Bioorg. Med. Chem., 14, 8582–8589 (2006).
90. M. Yarym, S. Sarac, M. Ertan, O. Sarnyc Batu, K. Erol;  Il Farmaco, 54, 359–36 (1999).
91. N. Dhanapalan, M. Shou Wu,  L. Bharat, C. George, F. James, T. G. Murali, Z. Jack, T. Sriram, R. M.
Mohammad, Z. Fengq, C. W. Wai, S. Wanying, T. Dake, M. W. John; J. Med. Chem., 2, 4764-4777
(1999).
92. T. G. Murali, N. Dhanapalan, R. M. Mohammad, L. Bharat, C. W. Wai, C. George, T. Sriram, M. Shou Wu,
Z. Fengqi, S. Wanying, T. Dake, S. Quanrong, Z. Jack, M. W. John; J. Med. Chem., 42, 4778-4793
(1999).
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coupled receptors. They have also identify that compound (25)93 was a lead compound
with a binding and functional profile comparable to that of (22). (25) has negligible
affinity for the ì-opioid receptor.
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The synthesis and differential antiproliferative activity of monastrol (26a), oxo-
monastrol (26b) and eight oxygenated derivatives (28a,b–31a,b) on seven human cancer
cell lines are described by Dennis Russowsky94. For all evaluated cell lines, monastrol
(26a) was shown to be more active than its oxo-analogue, except for HT-29 cell line,
suggesting the importance of the sulfur atom for the antiproliferative activity. Monastrol
(26a) and the thio derivatives (28a), (29a) and (31a) displayed relevant antiproliferative
properties with 3,4-methylenedioxy derivative (31a) being approximately more than 30
times more potent than monastrol (26a) against colon cancer (HT-29) cell line.
93. L. Bharat , T. Dake ,  N. Dhanapalan, R. M. Mohammad , C. W. Wai, W. M.Shou , Z. Fengqi, S.
Wanying, C. George, F. James; J. Med. Chem., 42, 4794-4803 (1999).
94. D. Russowsky, R. F. S. Canto,  S. A. A. Sanches, M. G. M. DOca, A. de Fatima, R. A. Pilli, L. K. Kohn,
M. A. Antonio, J. E. de Carvalho; Bioorg. Chem., 34,  173–182 (2006).
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26a X = S Monastrol
26b X = O oxo-Monastrol 27b X = O 
28a X = S 
28b X = O 
29a X = S 
29b X = O 
30a X = S 
30b X = O 
31a X = S 
31b X = O 
27a X = S
Y. Mizutani and co-workers identify that dihydropyrimidine dehydrogenase (DPD)
is the rate-limiting enzyme in the pathway of uracil ant thymine catabolism. DPD is also
the principle enzyme involved in the degradation of 5-fluorouracil, and anticancer
chemotherapeutic agent that is used clinically to treatment of bladder cancer95 and renal
cell carcinoma.96
95. Y. Mizutania, H. Wadab, M. Fukushimad, O. Yoshidac, O. Ukimura, A. Kawauchi, T. Mikia; Euro. J.
Cancer, 37, 569–575 (2001).
96. Y. Mizutania, H. Wadab, O. Yoshidac, M. Fukushimad, H. Nakanishia, M. Nakaoa, T. Mikia; Euro. J.
Cancer, 39,  541–547 (2003).
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5 NEW DRUG MOLECULES UNDER CLINICAL STUDY
Recently many new molecules which are under study from phase-I to phase-IV
clinical trials for different pharmacological action have shown that the basic characteris-
tic of morpholine to behave as hidden amine has attracted many medicinal chemists to
incorporate this feature in drug design. Some interesting compounds are as under.
Treatment of Hypertension
Calcium Channel Blokers
Drug Data Report, 8(1), 35 (1986).
Calcium Channel Blokers97
Company Name: Merck & Co.
Drug Data Report, 10(3), 200 (1988).
Moreover one compound (33) is very active against non-nucleoside inhibitor of
human hepatitis B virus (IC50 = 53 nM for reduction of HBV DNA in human hepatoma
HepG2.2.15 cells) with low cytotoxicity in uninfected cells (CC50 = 7 mcM). Compound
inhibited both viral DNA and viral cores in HepG2.2.15 cells and HBV-transfected cell
lines, whereas it did not affect the activity of endopolymerase and had no effect on other
DNA or RNA viruses. In vivo in a transgenic mouse model, oral doses of 3-100 mg/kg
b.i.d. or t.i.d. for up to 28 days dose-dependently.
Decreased viral DNA in the liver and plasma with efficacy comparable to
lamivudine. However, unlike lamivudine, compound reduced cytoplasmic HBV core
antigen (HBcAg) in the liver of mice. Pharmacokinetic studies in mice showed rapid
absorption, 30% bioavailability and dose-proportional plasma levels.
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Compound Code: Bay-41-4109
Anti Hepatities B Virus Drugs
Bayer
Drug Data Report, 24(2), 165, (2002).
Calcium Channel Blocker
Drug Data Report, 8(5), 465, (1986).
MAR-99
Leukotrine Antagonist251
Drug Data Report, 10(10), 826, (1988).
(Known anti-asthmatic agent, now reported to pos-
sess anti-ulcerative and gastric antisecretory activ-
ities, which inhibits hydrochloric acid-ethanol-,
stress- and indomethacin-induced ulcers in rat.
Calcium Channel Blocker
Drug Data Report, 10(11), 899, (1988).
Antifungal Agent.
253
Clin Microbiol Infect, 9, 1504 (2003).
In vitro susceptibility of Candida species isolated
from cancer patients against some antifungal
agents.
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Antimalarial Agent.
Iancet, 361 (9357), 577 (2003).
Acute Myocardial Infection
Treatment of Antiplatlet Therapy.
Immunosuppressants
Oncolytic Drug
Antibacterial Drugs
39th Intersci Conf Antimicrob Agents Chemother (Sept 26-
29, San Francisco) 1999, Abst F1808
In vitro activity of novel 6-anilinouracils targeted to DNA
polymerase III of Gram-positive bacteria
TNK-6123
Anti HIV Agent
Reverse Transcripase Inhibitors.
Non-nucleoside HIV-1 reverse transcriptase inhibitor
Compound was active not only against wild-type HIV-1
strains (IC50 = 3 nM against IIIB and NL4-3 HIV-1 strains)
but also showed nanomolar
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6 REACTION SCHEME
Step-1
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7 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Step-1 Synthesis of N-(4-chlorophenyl)-4-methyl-3-oxopentanamide.
A suspension of methylisobutryl acetate (0.01 mol, 1.44 ml) and 4-choloroaniline
(0.01 mol, 1.27 gm) in toluene (50 ml) containing catalytic amount of NaOH (0.05 ml,
40%) was reflux on oil bath for 8 hr. After completion of the reaction (TLC monitoring)
the solvent was removed under reduced pressure, separated solid was filtered and washed
with petroleum ether and crystallized from ethanol to give pure product. Yield 67%.
Step-2 Synthes is  of  N-(4-chlorophenyl ) -4-phenyl -6- isopropyl idene-2-
thioxohexahydropyrimidine-5-caboxamide.
The intimate mixture of N-(4-chlorophenyl)-4-methyl-3-oxopentanamide (0.01
mol, 2.39 gm), benzaldehyde (0.01 mol, 1.06 gm) and thiourea (0.01 mol, 0.76 gm) in
ethanol (8 ml), containing 0.4 ml of concentrated HCl was heated under reflux for 6 hr.
After completion of the reaction, the reaction mixture was allowed to stand at 0 oC for
several hours and precipitation was obtained. The product was filtered, washed with
chill methanol and isolated product crystalized from ethanol.Yield 27%. m.p. 280-282
oC, Anal. Calcd. for C20H20ClN3OS Calcd: C, 62.25; H, 5.22; N, 10.89%, Found: C,
62.14; H, 5.18; N, 10.77%.
Similar ly,  other  N-(4-chlorophenyl)-4-ar lyl-6-isopropylidene-2-
thioxohexahydropyrimidine-5-caboxamides were prepared and crystallized from
appropriate solvents, in some cases the products were purified by column chromatography.
The physical data of respective products are depicted in the Table-1a.
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Table-1a: Physical constants of N-(4-chlorophenyl)-4-aryl-6-isopropylidene-2-
thioxohexahydropyrimidine-5-caboxamides.
NH
N
H
O
NH
Cl
S
CH3
CH3
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a1 H C 02 H 02 NlC 3 SO19.583 282-082 72
52.26
41.26
22.5
81.5
98.01
77.01
b1 HCO-4 3
C 12 H 22 NlC 3O2S
39.514 762-562 54
46.06
42.06
33.5
41.5
01.01
69.9
c1 ON-3 2
C 02 H 91 NlC 4O3S
09.034 082-872 63
57.55
74.55
44.4
13.4
00.31
79.21
d1 lC-4 C 02 H 91 lC 2N3 SO53.024 642-542 24
51.75
10.75
65.4
44.4
00.01
87.9
e1 HCO(-4,3 3)2
C 22 H 42 NlC 3O3S
69.544 352-152 15
52.95
11.95
24.5
63.5
24.9
13.9
f1 HCO(-5,2 3)2
C 22 H 42 NlC 3O3S
69.544 752-552 64
52.95
80.95
24.5
72.5
24.9
12.9
g1 HCO-2 3
C 12 H 22 NlC 3O2S
39.514 972-872 55
46.06
73.06
33.5
12.5
01.01
29.9
h1 HO-2 C 02 H 02 NlC 3O2S09.104 182-082 83
77.95
65.95
20.5
29.4
64.01
82.01
i1 ON-4 2
C 02 H 91 NlC 4O3S
09.034 572-472 94
57.55
16.55
44.4
41.4
00.31
58.21
j1 H6CO-3 5
C 62 H 42 NlC 3O2S
00.874 962-762 75
33.56
12.56
60.5
68.4
97.8
86.8
k1 F-4 C 02 H 91 NFlC 3 SO09.304 852-652 54
74.95
23.95
47.4
75.4
04.01
32.01
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7 SPECTRAL STUDY
IR spectra of N-(4-chlorophenyl)-4-(2-methoxyphenyl)-6-isopropylidene-2-
thioxohexahydropyrimidine-5-caboxamide.
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).mysa(.rtsH-C 3392
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lynobraC O=C- 6661
enimA
.rtsHN- 9233
.fedHN- 3951
edilaH lC-C- 447
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of N-(4-chlorophenyl)-4-(2,5-dimethoxyphenyl)-6-isopropylidene-2-
thioxohexahydropyrimidine-5-caboxamide.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR  spectra of N-(4-chlorophenyl)-4-phenyl-6-isopropylidene-2-
thioxohexahydropyrimidine-5-caboxamide.
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Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: DMSO [d6].
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Assignment of proton values of N-(4-chlorophenyl)-4-phenyl-6-isopropylidene-
2-thioxohexahydropyrimidine-5-caboxamide.
NH
N
H
O
NH
Cl
S
CH3
CH3
HaHb
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 35.1 H3 telgnis HC- 3 -
2 45.1 H3 telgnis HC- 3 -
3 38.3 H1 telgnis bH -
4 60.5-50.5 H1 telbuod aH 25.4
5 47.7-32.7 H9 telpitlum H-rA -
6 23.8 H1 telgnis )edimA(HN- -
7 38.8 H1 telgnis HN- )gnirenidimiryp( -
8 03.9 H1 telgnis HN- )gnirenidimiryp( -
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1H-NMR spectra of N-(4-chlorophenyl)-4-(4-methoxyphenyl)-6-isopropylidene-
2-thioxohexahydropyrimidine-5-caboxamide.
NH
N
H
O
NH
Cl
S
CH3
CH3
O
CH3
HaHb
a a'
b b'
c
c'
d
d'
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 45.1 H3 telgnis HC- 3 -
2 57.1 H3 telgnis HC- 3 -
3 87.3 H3 telgnis HCO- 3 -
4 08.3 H1 telgnis bH -
5 00.5-99.4 H1 telbuod aH 61.4
6 57.7-28.6 H8 telpitlum H-rA -
7 13.8 H1 telgnis )edimA(HN- -
8 28.8 H1 telgnis HN- )gnirenidimiryp( -
9 92.9 H1 telgnis HN- )gnirenidimiryp( -
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent:DMSO [d6].
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1H-NMR spectra of N-(4-chlorophenyl)-4-(3-nitrophenyl)-6-isopropylidene-2-
thioxohexahydropyrimidine-5-caboxamide.
NH
N
H
O
NH
Cl
S
CH3
CH3
N
+
O
-
O
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 35.1 H3 telgnis HC- 3 -
2 27.1 H3 telgnis HC- 3 -
3 49.3 H1 telgnis bH -
4 91.5-81.5 H1 telbuod aH 25.4
5 72.8-72.7 H8 telpitlum H-rA -
6 54.8 H1 telgnis )edimA(HN- -
7 30.9 H1 telgnis HN- )gnirenidimiryp( -
8 55.9 H1 telgnis HN- )gnirenidimiryp( -
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: DMSO [d6].
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9 ANTIMICROBIAL ACTIVITY
Method : Cup-Plate97
Gram positive bacteria : Staphylococcus aureus ATCC 6538
Staphylococcus epidermidis ATCC 12228
Gram negative bacteria : Escherichia coli ATCC 8739
Pseudomonas aeruginosa ATCC 1539
Fungi : Aspergillus niger ATCC 16888
Concentration : 1000 µg/ml
Solvent : Dimethyl formamide
Standard drugs : Amoxicillin, Ciprofloxacin, Cephalexin,
Erythromycin, Greseofulvin
The antimicrobial activity was compared with standard drug viz Amoxicillin,
Ciprofloxacin, Cephalexin, Erythromycin and antifungal activity was compared with viz
Greseofulvin. The inhibition zones measured in mm.
(a) Antibacterial activity
The purified products were screened for their antibacterial activity using cup-
plate agar diffusion method. The nutrient agar broth prepared by the usual method was
dispensed in 50 ml quantities of different conical flasks. Then, add the 0.5 ml culture of
each bacteria (Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC
12228, Escherichia coli ATCC 8739 and Pseudomonas aeruginosa ATCC 1539) in
nutrient agar broth and inoculate at 37 oC for 24 hr.
The nutrient agar was melted at 100 oC and after cooling to 56 oC, was poured
into petri plates of 13 cm diameter in quantities of 20 ml, and left on a flat surface to
solidify and the surface of the medium was dried at 37 oC. Then, above subcultures of
each bacteria pipetted in to the nutrient agar plate. The cups (10 mm diameter) were
formed by the help of borer in agar medium and filled with 0.04 ml (40 ì g) solution of
sample in DMF. The plates were incubated at 37 oC for 24 hr and the control was also
maintained with 0.04 ml of DMF in a similar manner. After the completion of incubation
period, the zone of inhibition of growth in the form of diameter in mm was measure and
recorded in Table-1b
97. A. L. Barry; The antimicrobial susceptibility test: Principle and practices, edited by llluslea
& Febiger, (Philadelphia), USA, 180; Biol. Abstr., 64, 25183 (1977).
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(b) Antifungal activity
Aspergillus niger ATCC 16888 was employed for testing antifungal activity using
cup-plate agar diffusion method. The culture was maintained on sabourauds agar slants,
sterilized sabourauds agar medium was inoculated with 72 hr. old 0.5 ml suspension of
fungal spores in a separate flask.
The sabourauds agar was melted at 100 oC and after cooling to 56 oC, was
poured into petri plates of 13 cm diameter in quantities of 20 ml, and left on a flat
surface to solidify and the surface of the medium was dried at 37 oC. Then, above
subculture of fungi pipetted in to the sabourauds agar plate. The cups (10 mm diameter)
were formed by the help of borer in agar medium and filled with 0.04 ml (40 ì g) solution
of sample in DMF. The plates were incubated at 30 oC for 48 hr. and the control was
also maintained with 0.04 ml of DMF in a similar manner. After the completion of
incubation period, the zone of inhibition of growth in the form of diameter in mm was
measure and recorded in Table-1b
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Synthesis, Characterization and
Antimicrobial screening of
Thiazolo[3,2-a]pyrimidines
Chapter-1
(Section-II)
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1 INTRODUCTION
In section one, importance of DHPM moiety and various modifications applied
to Biginelli reaction for better yield, shorter reaction time and to synthesize various
analogs is surveyed in detail. The biological profile of this heterocyclic moiety is also
briefly reported in section one.
Biginelli reaction is not only important to synthesize analogs of DHPM ring using
different building block as potent bioactive heterocycles, but also various scaffolds can
be synthesized from this heterocyclic scaffold.
Tetrahydro/dihydropyrimidine-2-thiones are the key intermediate for the synthesis
of fused pyrimidines. They have become of considerable interest during the last forty
years1-12. Many of these compounds have proved to be active anticancer5-10, antipyretic
and antiinflammatory agents8-12, calcium antagonist13-15, analgesic16, antitumor17,18
antidepresant19, antibacterial and antifungal20-22 agents.
1. M. Reimlinger, M. A. Reiren, R. Merenyi; Chem. Ber., 103, 3252 (1970).
2. Q. Hayashi; Yakugaku Zasshi, 85, 442 (1965); Chem Abstr., 63, 5644 (1965).
3. M. H. Elangdi, S. A. Abdalla; J. Pract. Chem., 315, 1009 (1973).
4. M. H. Elangdi, M. Ohta, Bull. Chem. Soc. Japan, 46, 1830 (1973).
5. Y. Masisumi; Japanese Patent 13, 640 (63); Chem. Abstr., 60, 531 (1964).
6. Y. Masisumi; Japanese Patent 13, 641 (63); Chem. Abstr., 60, 531 (1964).
7. Y. Masisumi; Japanese Patent 7, 982 (62); Chem. Abstr., 59, 8764 (1963).
8. A. Takamizawa; Y. Hamashima; Japanese Patent 14, 423 (66); Chem. Abstr., 65, 20144b (1966).
9. A. Takamizawa; Y. Hamashima; Japanese Patent 17, 595 (65); Chem. Abstr., 63, 19112h (1965).
10. Ito, Japan, 7030, 101 (1970); Chem. Abstr., 74, 22827e(1971).
11. V. Sprio, S. Plescia, J. Heterocyclic Chem., 9, 951 (1972).
12. A. Takamizawa, H. Sato, Japanese Patent 72, 45,595 (1972); Chem. Abstr., 78, 58454c (1973).
13. A. Balkan, M. Ertan, T. Burgemeister; Arch. Pharm., (Weinheim), 325, 499 (1992).
14. A. Balkan, S. Uma, M. Ertan W. Wiegrebe; Pharmazie, 47, 687 (1992).
15. A. Balkan, B. Tozkoparan, M. Ertan, Y. Sara, N. Ertekin; Boll. Chim. Farm., 135, 648 (1996).
16. J. Baetz; Brit., 1,334,628 (1973); Chem. Abstr., 80, 48028u (1974).
17. B. Dash, M. Patra, P.K. Mohapatra; J. Inst. Chem., 52, 92 (1980); Chem. Abstr., 93, 239353z (1980).
18. Teijin Ltd., Jpn. Kokai Tokkyo Koho JP, 58, 24,590 [83, 24,590] (1983); Chem. Abstr., 98, 215611j (1983).
19. D. Bigg (Synthelabo S.A.); Fr. Demande FR, 2,479,831 (1981); Chem. Abstr., 96, 162725z (1982).
20. J. Mohan, V.K. Chadha, H.S. Chaudhary, B.D. Sharma, H.K. Pujari; Indian J. Exp. Biol., 10, 37 (1972).
21. S.N. Dehuri, A. Nayak; J. Ind. Chem. Soc., 60, 970 (1983).
22. H.R. Champaneri, S.R. Modi, H.B. Naik; Asian J. Chem., 6, 737 (1994); Chem. Abstr., 121, 300842y
(1994).
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The parent ring systems of known thiazolopyrimidine derivatives are shown in
structures 1-4.
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2 SYNTHETIC ASPECT
The following routs have been employed for the synthesis of thiazolopyrimidines.
2.1  Azole Approaches
Starting from the thiazole ring (5) and subsequent construction of the pyrimidine
ring in the terminal step.
? Thiazolo[3,2-a]pyrimidine (7) was prepared in 30% yield by the reaction of 2-
aminothiazole (5) with ethyl cyanoacetate (6) in a sodium ethoxide/ethanol mixture
or using polyphosphoric acid23 or acetic acid.24,25
? However, oxothiazolopyrimidine (9) was obtained upon treatment with
phosphorous pentoxide and methanesulfonic acid (8).23
? The reaction of (5) with ethyl acetoacetate (10) at 140–150 oC resulted in the
formation of (11) that was then converted to the Z-isomer upon heating at 250 oC
and cyclized to give (12).26
? 2-Aminothiazole (5) cyclized with acetylacetone (13) at 100 oC, in the presence
of methanesulfonic acid-phosphorus pentoxide or formic acid–phosphorus
pentoxide, followed by treatment with 70% perchloric acid, to give the
thiazolopyrimidin-4-ium salt (14).27
? The ester (16) was obtained from 2-aminothiazole (5) with an excess of methyl
methanetricarboxylate (15) in 61% yield.28
? Cyclocondensation of (5) with diethyl ethoxymethylene malonate (17) in acetic
acid followed by hydrolysis of the ester (18) gave (19).29-30
? Similarly, 2-aminothiazole (5) reacted with (20) in ethanol to give (21).31
? Stanovink et al.32-36 reported the synthesis of a series of thiazolopyrimidine
derivatives upon reacting 2-aminothiazole with a variety of different reagents.
Thus, dimethylaminobut-2-enoate (or pentenoate), (22a–d), reacted with (5) to
give thiazolopyrimidines (23a–d), (Chart 1).
23. T. Tsuji;  J. Heterocycl. Chem., 28, 489 (1991).
24. M. A. Jacobson, R. Norton; PCT Int. Appl. WO 97 33,879 (1997); Chem. Abstr., 127, 293241v (1997).
25. M.M. El-kerdawy, M.A. Moustafa, L.M. Gad, S.M.E. Badr; Bull Fac. Pharm. (Cairo Univ.), 31(1), 67
(1993); Chem. Abstr., 121, 57472b (1994).
26. S. Sharma, M.S. Khanna, C.P. Garg, R.P. Kapoor, A. Kapil, S. Sharma; Indian J. Chem. Sec. B, 32B(6),
693 (1993).
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27. K. Takenaka, T. Tsuji; J. Heterocycl. Chem., 33, 1367 (1996).
28. A. Kutyrevand, T. Kappe; J. Heterocycl. Chem., 36, 237 (1999).
29. D. R. Shridhar, M. Jogibhukta, V. S. Krishnan; Indian J. Chem. Sec. B, 25B(3), 345 (1986).
30. T. Shioiri, K. Ninomija, S. Yamada; J. Am. Chem. Soc., 94, 6203 (1972).
31. T. Mishina, N. Tsuda, A. Inui, Y. Miura; Jpn. Kokai Tokkyo Koho JP 62, 169, 793; (1987); Chem. Abstr.
108, 56120e (1988).
32. L. Selic, S.G. Grdadolnik, B. Stanovnik; Heterocycles, 45(12), 2349 (1997).
33. G. Sorsak, S.G. Grdadolnik, B. Stanovnik; J. Heterocycl. Chem., 35, 1275 (1998).
34. L. Selic, B. Stanovnik; J. Heterocycl. Chem., 34, 813 (1997).
35. G. Sorsak, A. Sinur, L. Golic and B. Stanovnik; J. Heterocycl. Chem., 32, 921 (1995).
36. B. Stanovnik, H. Van de Bovenkamp, J. Svete, A. Hvala, I. Simonic, M. Tisher; J. Heterocycl. Chem.,
27, 359 (1990).
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? The reaction of 2-aminothiazole (5) with 2-hydropolyfluoroalk-2-enoate (24) in
basic medium gave two isomers, 7-oxo (25) and its isomeric 5-oxo (26). The
structure of both (25) and (26) was established through 1H NMR, 19F NMR and
mass spectra.37
? 2-Aminothiazole derivatives (5), (R1¼H, CO2Et; R2¼Ph, aryl, Me), reacted with
the acetylenic derivative (27) and ester derivative (28) in ethanol and
polyphosphoric acid, respectively, to give the isomeric oxothiazolopyrimidine
derivatives (29) and (30), in 5–32% and 8–97% yield, respectively.38
? Condensation of 2-aminothiazole (5) in absolute ethanol with the sodium salt of
ethyl oximinocyanoacetate (31) gave after acidification (pH 6) with diluted
hydrochloric acid, the nitroso derivative (32) in 92% yield.39
? Treatment of the 2-aminothiazaole derivatives (5) with the hydrazone derivatives
(33) gave the oxothiazolo [3,2-a] pyrimidine derivatives 34.40
? Compound (37) was prepared in 70–95% yield by thermal (160 oC) condensation
of  ary laminobis th iazole  (35)  wi th  two equivalents  of  b is (2 ,4 ,6-
trichlorophenyl)methyl malonate (36)41 (Chart-2).
37. Y.-S. Liu, W.-Y. Huang; J. Chem. Soc. Perkin Trans., 1(6), 981 (1997).
38. D. Janietz, B. Goldmann, W.-D. Rudorf ; J. Prakt. Chem., 330(4), 607 (1988).
39. M.R.D. Giudice, A. Borioni, C. Mustazza, F. Gatta, B. Stanovnik; J. Heterocycl. Chem., 32, 1725 (1995).
40. M.A. Metwally, A.M. Ismaiel, Y.M. Yousif, F. Eid; J. Indian Chem. Soc., 66(3), 179 (1989).
41. G.O. Mbagwa, R. Garland; J. Heterocycl. Chem., 25, 571 (1988).
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2.2 Azine Approaches
Starting from pyrimidine ring and subsequent construction of the thiazole in the
terminal step.
Pyrmidinethione derivatives (37-39) were alkylated with monochloroacetic acid
or chloroacetyl chloride and then cyclized to give thiazolopyrimidine derivatives.42-56
Thus, pyrimidinethione (37) reacted with (40) or (41) in DMF42 or in an acetic anhydride/
pyridine mixture44,46 to gave thiazolo-pyrimidines (42) and (43). Alkylation with (40) in
the presence of an aromatic aldehyde42-44, 47, 49-52, 54 gave the ylidene derivatives (44).
Similarly, pyrimidinethione derivatives (38) and (39) reacted with monochloroacetic acid
in acetic acid/acetic anhydride/sodium acetate mixture47,48 or with chloroacetyl chloride
in dry dioxane to give the corresponding thiazolopyrimidines. Chart-3 summarizes the
pyrimidine-thione derivatives (37-39) used in the synthesis of various thiazolopyrimidines.
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42. S.A. Abdel-Aziz; Phosphorus, Sulfur Silicon Relat. Elem., 116, 39 (1996).
43. F.M. Manhi, A.M. Abdel-Fattah Egypt. J. Pharm., 33(5–6), 825 (1992); Chem. Abstr., 121, 83254b
(1994).
44. J.M. Parmar, A.R. Parikh; Heterocycl. Commun., 4(5), 463 (1998).
45. M. Ghorab, Y.A. Mohamed, S.A. Mohamed, Y.A. Ammar; Phosphorus, Sulfur Silicon Relat. Elem.,
108(1–4), 249 (1996).
46. K.M. Ghoneim, M.Y.H. Essawi, M.S. Mohamed, A.M. Kamal; Pol. J. Chem., 72(7), 1173 (1998).
47. M.R. Mohamoud, A.Y. Soliman, H.M. Bakeer; Indian J. Chem. Sec. B, 29B(9), 830 (1990).
48. H.R. Champaneri, S.R. Modi, H.B. Naik; Asian J. Chem., 6(3), 737 (1994); Chem. Abstr., 121, 300842y
(1994).
49. H.Y. Moustafa;  Indian J. Heterocycl. Chem., 7(4), 273 (1998).
50. M.A. Salama, H.H. Mousa, M. Al-Shaikh; Orient. J. Chem., 7(4), 185 (1991); Chem. Abstr., 116, 151713z
(1992).
51. M.A.F. Sharaf, F.A. Abdel Aal, A.M. Abdel Fattah, A.M.R. Khalik; J. Chem. Res. (S), 354 (1996).
52. B. Tozkoparan, M. Ertan, P. Kelicen , R. Demirdamar; Farmaco, 54(9), 588 (1999).
53. M.S. Akhtar, M. Seth, A.P. Bhaduri; Indian J. Chem. Sec. B, 26B(6), 556 (1987).
54. M.A. Salama, H.H.A Mousa, S.A. El-Essa; Orient. J. Chem., 7(3), 128 (1991); Chem. Abstr., 116, 41405t
(1992).
55. R.M. Abdel-Rahman, M. Fawzy, I. El-Baz; Pharmazie, 49, 729 (1994).
56. C.D. Kappe, P. Roschger; J. Heterocycl. Chem., 26, 55 (1989).
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The Hantzsch-type condensation of dihydropyrimidines (39) with a substituted
2-bromophenylacetaldehyde (45) led to the thiazolopyrimidine derivatives (46).57,58
NH
N
H
R
1
R
2
R
3
S
39
+ CH CHO
Br
R
4
MeCN N
N
R
1
R
2
R
3
S
R
445 46
Thiazolo[3,2-a]pyrimidine derivatives (48) were prepared by refluxing
pyrimidinethione derivative (38) with phenacyl bromide (47) in glacial acetic acid.59-61
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Reaction of pyrimidinethiones (37) with 1,2-dibromoethane (49) gave the
oxothiazolopyrimidine derivatives (50) in the presence of DMF/K2CO3 at 70–80 
oC.62-65
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57. G. Adam, S. Kolczewski, V. Mutel, J. Wichmann; Eur. Pat. Appl. Ep 891, 978, (1999); Chem. Abstr., 130,
125087t (1999).
58. J. Wichmann, G. Adam, S. Kolczewski, V. Mutel, T. Woltering; Bioorg. Medi. Chem. Lett., 9, 1573 (1999).
59. A. Balkan, S. Uma, M. Ertan, W. Wiegrebe; Pharmazie, 47(9), 687 (1992).
60. A. Balkan, M. Ertan, T. Burgemeister Arch. Pharm. (Weinheim, Ger.), 325(8), 499 (1992).
61. S.A. Abdel-Aziz, H.A. Allimony, H.M. El-Shaaer, U.F. Ali, R.M. Abdel-Rahman; Phosphorus, Sulfur
Silicon Relat. Elem., 113, 67 (1996).
62. V.J. Ran, A. Goel, M. Nath, P. Srivastava; Bioorg. Med. Chem. Lett., 4(22), 2653 (1994).
63. V.J. Ram; Arch. Pharm. (Weinheim, Ger.), 324(11), 837 (1991).
64. A. Mobinikhaledi, N. Foroughifar, F. Goodarzi; Phosphorus, Sulfur Silicon Relat. Elem., 179, 507-512
(2004).
65. A. Mobinikhaledi, N. Foroughifar, B. Ahamadi; Phosphorus, Sulfur Silicon Relat. Elem., 180, 339-345
(2005).
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2.3 Retro Diels-Alder reaction
Both azole and azine approaches were considered as major methods for synthesis
of the thiazolopyrimidines. Whereas, the retro Diels-Alder reaction was considered a
minor method. Other reported methods include: (i) cyclization of propargylthiopyrimidines
in the presence of Pd(II) salts, (ii) metabolism of a N-allylpyrimidine and (iii) reaction of
thiazole derivative with isocyanates.
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3 BIOLOGICAL PROFILE
Thiazolo[3,2-a]pyrimidines have generated recent interest due to their interesting
biological and pharmaceutical activities. Thus, these ring systems have following significant
activities.
Various derivatives of thiazolo[3,2-a]pyrimidine (51) have been synthesized by
B. Tozkoparan et al.66 and tested for their anti-inflammatory activities at the 100 mg/kg
dose level compared with indomethacin.
N
N S
H3COOC
CH3
O
R
R'
51
Krzysztof Danel and co-workers67 have been synthesized substituted 2,3-dihydro-
7H-thiazolo[3,2-a]pyrimidin-7-ones and considered as annulated analogues of HEPT.
2,3-Dihydro-5-[(3,5-dimethylphenyl)methyl]-3-ethoxy-6-ethyl-7H-thiazolo[3,2-
a]pyrimidin-7-one (52) were found most active against HIV-1.
N
N
S
EtO O
Et
CH3CH3
52
66. B. Tozkoparan, M. Ertan, P. Kelicen, R. Demirdamar; Il Farmaco, 54, 588–593 (1999).
67. K. Danel, E. B. Pedersen, C. Nielsen; J. Med. Chem. 41, 191-198 (1998).
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Antimicrobial activity of thiazolo[3,2-a]pyrimidine (53,54) have been screened
by H. M. Sayed et al.68 against various gram positive, gram negative pathogens and
fungi.
N
N S
N CH Ar
NCHAr
O
N
N S
N CH Ar
NCHAr
O
CH C6H4Cl
53 54
68. H. H. Sayed, A. H. Shamroukh, A. E. Rashad; Acta Pharm., 56, 231–244 (2006).
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4 REACTION SCHEME
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5 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Step-1 Synthesis of N-(4-chlorophenyl)-4-methyl-3-oxopentanamide.
As per Chapter-1(Section-I), page No.38.
Step-2 Synthesis  of  N-(4-chlorophenyl) -4-phenyl-6-  i sopropyl idene-2-
thioxohexahydropyrimidine-5-caboxamide.
As per Chapter-1(Section-I), page No.38.
Step-3 Synthesis of N-(4-chlorophenyl)-5-phenyl-7-isopropylidene-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
1,2-Dibromoethane (0.011 mol, 2.05 gm) was added to a boiling solution of N-
(4-chlorophenyl)-4-phenyl-6-isopropylidene-2-thioxohexahydropyrimidine-5-
caboxamide (0.01 mol, 3.86 gm) in dimethyl formamide (5 ml) and then refluxed for 50
minutes. After completion of the reaction, the reaction mass was poured into ice cold
sodium bicarbonate solution and precipitated were isolated by filtered through a buchner
funnel and purified by column chromatography. Yield 64%. m.p. 187-188 oC, Anal. Calcd.
for C22H22ClN3OS Calcd: C, 64.14; H, 5.38; N, 10.20%, Found: C, 61.69; H, 5.14;
N, 10.03%.
Similarly, other N-(4-chlorophenyl)-5-aryl-7- isopropylidene-3,5,6,7-tetrahydro-
2H-thiazolo[3,2-a]pyrimidine-6-caboxamides were prepared and crystallized from
appropriate solvents, in some cases the products were purified by column chromatography.
The physical data of respective products are depicted in the Table-2a.
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Table-2a: Physical constants of N-(4-chlorophenyl)-5-aryl-7-isopropylidene-
3,5,6,7-tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamides.
N
N
O
NH
Cl
SCH3
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a2 H C 22 H 22 NlC 3 SO49.114 881-781 46
41.46
69.16
83.5
41.5
02.01
30.01
b2 HCO-4 3
C 32 H 42 NlC 3O2S
79.144 012-802 27
05.26
43.26
74.5
13.5
15.9
92.9
c2 ON-3 2
C 22 H 12 NlC 4O3S
49.654 791-691 17
38.75
24.75
36.4
13.4
62.21
41.21
d2 lC-4 C 22 H 12 lC 2N3 SO93.644 302-102 99
91.95
39.85
47.4
65.4
14.9
92.9
e2 HCO(-4,3 3)2
C 42 H 62 NlC 3O3S
99.174 612-412 26
70.16
11.95
55.5
63.5
09.8
13.9
f2 HCO(-5,2 3)2
C 42 H 62 NlC 3O3S
99.174 312-212 95
70.16
28.06
55.5
24.5
09.8
17.9
g2 HCO-2 3
C 32 H 42 NlC 3O2S
79.144 702-602 36
05.26
73.26
74.5
23.5
15.9
34.9
h2 HO-2 C 22 H 22 NlC 3O2S49.724 322-222 36
47.16
45.06
81.5
30.5
28.9
76.9
i2 ON-4 2
C 22 H 12 NlC 4O3S
49.654 091-981 56
38.75
96.55
36.4
94.4
62.21
31.21
j2 CO-3 6H5
C 82 H 62 NlC 3O2S
40.405 732-532 06
27.66
36.66
02.5
10.5
43.8
22.8
k2 F-4 C 22 H 12 NFlC 3 SO39.924 512-512 16
64.16
43.15
29.4
75.4
77.9
16.9
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6 SPECTRAL STUDIY
IR spectra of N-(4-chlorophenyl)-5-(2,5-dimethoxyphenyl)-7-isopropylidene-
3,5,6,7-tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of N-(4-chlorophenyl)-5-(4-methoxyphenyl)-7-isopropylidene-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
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given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of N-(4-chlorophenyl)-5-phenyl-7-isopropylidene-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
N
N
O
NH
Cl
S
CH3
CH3
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: DMSO [d6].
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Assignment of proton values of N-(4-chlorophenyl)-5-phenyl-7-isopropylidene-
3,5,6,7-tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
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7 11.4-60.4 H1 telpitlum dH- -
8 72.5 H1 telgnis eH -
9 95.7-61.7 H9 telpitlum H-rA -
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1H-NMR spectra of N-(4-chlorophenyl)-5-(4-methoxyphenyl)-7-isopropylidene-
3,5,6,7-tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
N
N
O
NH
Cl
S
CH3
CH3
O
CH3
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of N-(4-chlorophenyl)-5-(4-methoxyphenyl)-7-
isopropylidene-3,5,6,7-tetrahydro-2H-thiazolo[3,2-a]pyrimidine-6-caboxamide.
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Synthesis, Characterization and
Antimicrobial screening of
Pyrimido[2,1-b][1,3]thiazines
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1 INTRODUCTION
Pyrimido[2,1-b][1,3]thiazine  is important fused/condensed nucleus of pyrimidine
derivative. We have discusses the biological profile and synthetic approache of fused
pyrimidine derivatives in chapter-1 (Section-II). Some important synthetic aspect and
biological profiles of pyrimido[2,1-b][1,3]thiazines are discuss as under.
C. Oliver Kappe et al.1 have been synthesized pyrimido[2,1-b][1,3]thiazine
derivatives (1) by the reaction of 2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylic
acid derivatives and 3-bromopropionci acid.
N
N SCH3
Ph O
EtOOC
1
The cyclization reaction of 6-amino-2,3-dihydro-2-thioxo-4(1H)-pyrimidinone
(6-amino-2-thiouracil) with 1,3-dibromopropane-2-ol to give pyrimido[2,1-
b][1,3]thiazines (2) in strongly or weakly basic media and structure was proved by
single crystal X-ray analysis by P. Pecrari et. al.2
 
N
N S
O
R
NH2
R'
2
Anti-inflammatory and antipyretic activities of pyrimido[2,1-b][1,3]thiazine
derivatives  have been evaluated by D. Bozsing et al.3 Analogues (3) and (4) are the
most potent in rat carrageenin and yeast fever assays.
N
N
S
CH3
O
CH3
CH3
N
N
S
O
CH3
CH3
O
CH3
3 4
P y r i m i d o [ 2 , 1 - b ] [ 1 , 3 ] t h i a z i n e s 77
Chapter-1 (Section-III)
H. H. Sayed and co-workers4 have used 4,6-diamino-1H-pyrimidine-2-thione
for the synthesis of pyrimido[2,1-b][1,3]thiazine (5) derivatives which were condensed
with 4-chlorobenzaldehyde to give corresponding ylidene derivatives (6). Biological
evaluation for the compounds showed revealed promising antimicrobial activity.
N
N S ON
N
CHAr
CH Ar
N
N S ON
N
CHAr
CH Ar
CH C6H4Cl
5 6
C. Landreau and co-workers5 reported an example of an efficient regioselective
synthesis of 2H,6H-pyrimido[2,1-b][1,3]thiazines (7) using thiourea as starting material.
This route represents an unambiguously regioselective pathway.
N
N S
O
R
2
R
7
1. C. O. Kappe, P. Roschger; J. Heterocyclic chem., 26, 55 (1989).
2. P. Pecorari, M. Rinaldi, M. P. Costi; J. Heterocyclic Che., 28, 891 (1991).
3. D. Bozsing, P. Sohar, G. Gigler, G. Kovacs; Eur. J. Med. Chem., 31, 663-668 (1996).
4. H. H. Sayed, A. H. Shamroukh, A. E. Rashad; Act Pharm., 56, 231-244 (2006).
5. C. Landreau, D. Deniaud, J. C. Meslin; J. Org. Chem., 68, 4912-4917 (2003).
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2 REACTION SCHEME
Step-1
NH2
Cl
O
H3CO
O
CH3
CH3
+
Toluene
Reflux
NH
O
O
CH3
CH3
Cl
Step-2
NH
O
O
CH3
CH3
Cl
HO
R
NH2
NH2 S
+ H
+
Ethanol
NH
N
H
O
NH
Cl
S
CH3
CH3
R
Step-3
NH
N
H
O
NH
Cl
S
CH3
CH3
R
BrCH2CH2CH2Br
DMF N
N
O
NH
Cl
S
CH3
CH3
R
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3 EXPERIMENTAL
All the necessary chemicals were obtained form commercial sources. Melting
points of all the synthesized compounds were taken in open capillary bath on controlled
temperature heating mental. The crystallization of all the compounds was carried out in
appropriate solvents. TLC was carried out on Silicagel-G as stationary phase. Ethyl
acetate: Hexane (5:5) was used as a mobile phase. The other solvent system like acetone:
benzene was also employed.
Step-1 Synthesis of N-(4-chlorophenyl)-4-methyl-3-oxopentanamide.
As per Chapter-1(Section-I), page No.38.
Step-2 Synthes is  of  N-(4-chlorophenyl ) -4-phenyl -6- isopropyl idene-2-
thioxohexahydropyrimidine-5-caboxamides.
As per Chapter-1(Section-I), page No.38.
Step-3 Synthesis of N-(4-chlorophenyl)-6-phenyl-8-isopropylidene-2,3,4,6,7,8-
hexahydropyrimido[2,1-b][1,3]thiazine-7-caboxamide.
1,3-Dibromopantane (0.011 mol, 2.21 gm) was added to a boiling solution of
N-(4-chlorophenyl)-4-phenyl-6-isopropylidene-2-thioxohexahydropyrimidine-5-
caboxamide (0.01 mol, 3.86 gm) in dimethyl formamide (5 ml) and then refluxed for 55
minute. The reaction mass was poured into ice cold sodium bicarbonate solution and
precipitated product was isolated by filtered through a buchner funnel and products was
purified by column chromatography. Yield 68%. m.p. 214-215 oC, Anal. Calcd. for
C23H24ClN3OS Calcd: C, 64.85; H, 5.68; N, 9.86%, Found: C, 64.72; H, 5.49; N,
9.69%.
Similarly, other N-(4-chlorophenyl)-6-aryl-8-isopropylidene-2,3,4,6,7,8-
hexahydropyrimido[2,1-b][1,3]thiazine-7-caboxamides were prepared and crystallized
from ethanol , in some cases the products were purified by column chromatography. The
physical data of respective products are depicted in theTable-3a.
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Table-3a: Physical constants of N-(4-chlorophenyl)-6-aryl-8-isopropylidene-
2,3,4,6,7,8-hexahydropyrimido[2,1-b][1,3]thiazine-7-caboxamides.
N
N
O
NH
Cl
S
CH3
CH3
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a3 H C 32 H 42 NlC 3 SO79.524 512-412 86
58.46
27.46
86.5
94.5
68.9
96.9
b3 HCO-4 3
C 42 H 62 NlC 3O2S
00.654 812-712 26
12.36
90.26
57.5
65.5
12.9
30.9
c3 ON-3 2
C 32 H 32 NlC 4O3S
79.074 002-991 57
56.85
45.85
29.4
56.4
09.11
87.11
d3 lC-4 C 32 H 32 lC 2N3 SO14.064 722-522 77
00.06
38.95
40.5
98.4
31.9
79.8
e3 HCO(-4,3 3)2
C 52 H 82 NlC 3O3S
20.684 042-93.2 18
87.16
86.16
18.5
07.5
56.8
45.8
f3 HCO(-5,2 3)2
C 52 H 82 NlC 3O3S
20.684 742-542 56
87.16
85.16
18.5
85.5
56.8
84.8
g3 HCO-2 3
C 42 H 62 NlC 3O2S
00.654 312-212 26
12.36
30.36
57.5
96.5
12.9
00.9
h3 HO-2 C 32 H 42 NlC 3O2S79.144 091-981 36
05.26
54.26
74.5
44.5
15.9
84.9
i3 ON-4 2
C 32 H 32 NlC 4O3S
79.074 402-202 65
56.85
23.85
29.4
94.4
09.11
18.11
j3 CO-3 6H5
C 92 H 82 NlC 3O2S
60.815 5502-452 27
32.76
21.76
54.5
93.5
11.8
41.8
k3 F-4 C 32 H 32 NFlC 3 SO69.344 502-402 96
22.26
81.26
22.5
60.5
64.9
73.9
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4 SPECTRAL STUDY
IR spectra of N-(4-chlorophenyl)-6-(4-methoxyphenyl)-8-isopropylidene-
2,3,4,6,7,8-hexahydropyrimido[2,1-b][1,3]thiazine-7-caboxamide.
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gnidnebp.oH-C 528
lynobraC O=C- 6761
enimA
.rtsHN- 0543
.fedHN- 7951
edilaH lC-C- 647
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of N-(4-chlorophenyl)-6-(4-methoxyphenyl)-8-isopropylidene-
2,3,4,6,7,8-hexahydropyrimido[2,1-b][1,3]thiazine-7-caboxamide.
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 55.1 3 telgnis HC- -
2 17.1 3 telgnis HC- 3 -
3 32.3-71.3 2 telpitlum HC- 2 b- -
4 86.3 3 telgnis HCO- 3 -
5 28.3-77.3 2 telpitlum HC- 2 c- -
6 51.4-50.4 2 telpitlum HC- 2 a- -
7 93.4 1 telgnis eH- -
8 46.5 1 telgnis dH- -
9 36.6-16.6 2 ttelbuod 'f,fH-rA 84.8
01 11.7-80.7 2 telbuod 'g,gH-rA 06.8
11 63.7 2 telgnis 'h,hH-rA -
21 56.7-36.7 2 telbuod 'i,iH-rA 63.8
31 84.8 1 telgnis )edimA(HN- -
N
N
O
NH
Cl
S
CH3
CH3
HdHe
OCH3
a
b
c
f f'
g g'
h
h'
i
i'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Synthesis, Characterization and
Antimicrobial screening of
Pyrazolo[3,4-d]pyrimidines
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1 INTRODUCTION
Pyrazole and pyrimidine derivatives attracted organic chemists very much due to
their biological and chemotherapeutic importance. Pyrazolopyrimidines and related fused
heterocycles are of interest as potential bioactive molecules. They are known to exhibit
pharmacological activities such as CNS depressant1, neuroleptic2, tuberculostatic3,
antibacterial4 and ACTH-releasing factor antagonist activity5. Pyrazolo[3,4-d]pyrimidines
were identified as a general class of adenosine receptors6,7. There is no much difference
in the basic structures of pyrazolopyrimidines and purines, it is a class of naturally
occurring fused uracils that possess a wider range of biological activity8. In the literature,
we have found that the replacement of 1H of pyrazole of pyrazolo[3,4-d]pyrimidine ring
system by some other bioactive moiety drastically alters its pharmacological properties.
2 SYNTHETIC ASPECT
A simple and practical procedure was developed for the preparation of 4-
substituted-l-(hydroxyalkyl)-1H-pyrazolo[3,4-d]pyrimidines by Boulos Zacharie and co-
workers9.The synthetic utility of this approach is demonstrated by the facile synthesis of
ST 689, a potent immunostimulatory drug.
N
NH
N
N
(H2C)5
O
OH
ST 689
1. (a) M. Julino, M. F. G. Stevens; J. Chem. Soc., Perkin Trans. 1, 1677–1684 (1998); (b) M. I. Abdou, A.
M. Saleh, H. F. Zohdi; Molecules, 9, 109–116 (2004).
2. R. Filler; Chem. Technol., 4, 752 (1974).
3. M. M. Ghorab, Z. H. Ismail, S. M. Abdel-Gawad, A. A. Aziem; Heteroatom Chemistry, 15, 57 (2004).
4. A. M. Kamal, A. A. Atalla, T. A. Mohamad, A. A. Geise, Z. B. Naturforsch; Chem. Sci., 46, 541 (1991).
5. Y. L. Chen; International Patent WO 9534563 AL 1995; Chem. Abstr., 124, 232447 (1995).
6. L. P. Davies, D. J. Brown, S. C. Chow, G. A. R. Johnston; Neurosci. Lett., 41, 189 (1983).
7. L. P. Davies, S. C. Chow, J. H. Skerritt, D. J. Brown,; G. A. R. Johnston, Life Sci., 34, 2117 (1984).
8. E. Y. Sutcliffe, K. Y. Zee-Cheng, C. C. Cheng, R. K. Robins; J. Med. Chem., 5, 588 (1962).
9. B. Zacharie, T. P. Connolly, R. Rej, G. Attardo, C. L. Penney; Tetrahedron, 52(7), 2271-2278 (1996).
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The synthesis of enantiomerically pure C-6 substituted pyrazolo[3,4-d]pyrimidines
(3) has been performed by aromatic nucleophilic substitution of 4-amino-6-chloro-1-
phenylpyrazolo[3,4-d]pyrimidine (1) under conditions of high pressure at ambient
temperature10. Conventional synthetic conditions (reflux at atmospheric pressure) were
unsuccessful. The S enantiomer displayed higher affinity and selectivity for the adenosine
A1 receptor than the R enantiomer.
N
N
N
N
NH2
Cl
NH2
O
NH2
N
N
N
N
NH2
NH
NH2
O
N
N
N
N
NH2
NH
NH2
O
+
1 2
3
P. J. Bhuyan et al.11 have reported the synthesis of pyrazolo[3,4-d]pyrimidines
(6) by the reaction of 6-hydrazino uracils (4) with isocynates (5) in excellent yields.
N
O
R
1
O
CH3
NHNH2
R
2
N
C
O
+
N
O
R
1
O
CH3
N
N
H
NHR
2
+ OH2
4 5 6
10. S. A. Poulsen, D. J. Young and R. J. Quinn; Bioorg. Med. Chem. Lett., 11, 191-193 (2001).
11. P. J. Bhuyan, H. N. Borah, J. S. Sandhu; Tet. Lett., 43, 895–897 (2002).
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The microwave solid acid combination, leads to a nice and convenient catalytic
synthesis of pyrazolo[3,4-d]pyrimidines with much reduced reaction times compared to
traditional conditions. M. M. Heravi and co-workers12 have been synthesized 4-
aminopyrazolo[3,4-d]pyrimidine derivatives (9) by Keggin heteropolyacids under classical
heating and microwave irradiation.
N
N
CN
NH2
R
2
R
1
+ HCONH2
N
N
R
2
R
1
N
N
NH2
7 8 9
The one-pot two step process was developed by Tom Y. H. Wu et al.13 for the
synthesis of 4,5-disubstituted pyrazolopyrimidines (10). This process involves a sequential
SNAr displacement of the C4 chloro substituent with various anilines and amines, followed
by a Suzuki coupling reaction with different boronic acids. Using microwave irradiation
leads to high product conversion, low side product formation and shorter reactions.
N
N
N
N
H
Cl Br
(1) R1NH2 and AcOH
Dioxane 150oC, 10 min 
(Microwave)
(2) R2B(OH)2, Pd(dppf)Cl2
-DCM and K3PO4
Dioxane 180oC, 10 min 
(Microwave)
N
R1
K. R. Desai et al.14 have prepared pyrazolo[3,4-d]pyrimidine derivatives (12)
and (13) form 1-(3’-chlorophenyl)3-methyl-5-pyrazolone (11) in presence of con. HCl
and tested all the newly synthesized compounds for their antimicrobial activity.
12. M. M. Heravi, G. Rajabzadeh, F. F. Bamoharramc, N. Seifi; J. Mole. Catal. A: Chem., 256, 238–241
(2006).
13. T. Y. H. Wu, P. G. Schultz, S. Ding; Org. Lett., 5 (20), 3587-3590 (2003).
14. H. D. Patel, B. D. Mistry, K. R. Desai; I. J. Heterocyclic Chem., 13, 179-180 (2003).
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R-CHO
NH2 C NH2
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NH2 C NH2
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3 BIOLOGICAL PROFILE
The biological activity of pyrazolo[3,4-d]pyrimidines are enlisted as follows.
3.1 CDK-inhibitors
Controlling the cell cycle by inhibition of the proteins that regulate its progression
is an attractive strategy for addressing cancer and other diseases associated with
abnormal cellular proliferation15. One family of such proteins, the cyclin-dependent
kinases (CDKs), is made up of at least nine highly homologous enzymes that in association
with specific regulatory subunits (cyclins) control progression of the cell cycle16. CDK/
cyclin activity oscillates with cyclin expression/degradation and is further regulated by
the action of several families of protein kinases and phosphatases17,18.
J. A.Markwalder  et al.19 identified a lead compound 4,5-dihydro-1H-
pyrazolo[3,4-d]pyrimidine-4-one (14) by high-throughput screening of a subset of ~
16000 compounds. The compound is active against CDK4/cyclin D1 was performed
with a readout of percentage inhibition of pRb phosphorylation at 20 ì M. Discrete IC50
values were obtained for compounds that were active upon retest and appeared
chemically attractive. This screening strategy identified several series of inhibitors with
modest potency (IC5 < 50ì M).
N
NH
N
N
O S
Cl
Cl
CF3
14
15. T. M. Sielecki, J. F. Boylan, P. A. Benfield, G. L. Trainor; J. Med. Chem., 43, 1-18 (2000).
16. J. C. Pines; Adv. Cancer Res., 55, 181-212 (1995).
17. D. Morgan, Nature, 374, 131-134 (1995).
18. T. R. Coleman, W. G. Dunphy; Curr. Opin. Cell Biol., 6, 877-882 (1994).
19. J. A. Markwalder, M. R. Arnone, P. A. Benfield, M. Boisclair, C. R. Burton, C. Chang, S. S. Cox, P. M.
Czerniak, C. L. Dean, D. Doleniak, R. Grafstrom, B. A. Harrison, R. F. Kaltenbach, D. A. Nugiel, K. A.
Rossi, S. R. Sherk, L. M. Sisk, P. Stouten, G. L. Trainor, P. Worland, S. P. Seitz; J. Med. Chem., 47, 5894-
5911 (2004).
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D. C. Kin and co-workers20 have synthesized a series of 1,4,6-trisubstituted
pyrazolo[3,4-d]pyrimidines (15) and (16) capable of selectivity inhibition CDK2 activity.
They have examined that the series of 4-anilino compounds (16) exhibited better CDK2
inhibitory activity and antitumor activity compared to 4-benzyl compounds (15). The
compounds (16a,b) having a 3-fluroaniline group at C-4 position exhibited potent cell
growth inhibitory activity against human cancer cell lines, and comparable or superior
CDK2 inhibitory activity to those of olomoucine and roscovitine as reference compounds.
N
N
N
NN
OH
R3
NH
R1
R2
N
N
N
NN
OH
R3
NH
R2
R1
N
NN
H
N
NH
OH
NH F
N
NN
H
N
NH
OH
N F
OH
15 16
16a 16b
3.2 Antiproliferative activity
Tyrosine kinases (TKs) are enzymes that catalyze the specific phosphorylation
of tyrosine residues on proteins, these enzymes play in the proliferation and spread of
cancer.  Protein tyrosine kinases (PTKs) participate in a wide variety of cellular activities
including proliferation, secretion, adhesion and responses to mitogens and stress21,22.
PKTs can be divided into two classes: the Transmembrane growth factor receptor TK
and the Cytoplasmatic TK. On the basis of these considerations, inhibitors of c-Scr
phosphorylation process may stop uncontrolled tumor cell growth and play an important
role as new therapeutic agents for the treatment of cancer.
20. D. C. Kim, Y. R. Lee, B. Yang, K. J. Shin, D. J. Kim, B. Y. Chung, K. H. Yoo; Euro. J. .Med. Chem., 38, 525-
532 (2003).
21. T. Erpel, S. A. Courtneidge; Curr. Opin. Cell Biol., 7, 176 (1995).
22. J. T. Parsons, S. J.Parsons ; Curr. Opin. Cell Biol., 9, 187 (1997).
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Derivatives (17) as potent inhibitors of EGFR TK23, while PP1 and PP2 were
described as very strong and selective inhibitors of the cScr family of kinases24.
N
N
N
N
H
NHNH Cl
R
N
N
N
N
NH2
R
17 (EGRF TK inhibitors) PP1: R = Me, PP2: R = Cl (c-Src inhibitors)
S. Schenone et al.25 have synthesized new 4-aminopyrazolo[3,4-d]pyrimidines
bearing various substituents at the position 1 and 6. The synthesized compounds were
screened for their antiproliferative activity against A431 cell line. The compound (18)
was a better of Src phosphorylation than the reference compound PP2.
N
N
N
N
NH
S
CH2CH C6H5
Cl
18
The same author26 have reported the synthesis and biological evaluation of a new
class of 1-aryl-4-amino-1H-pyrazolo[3,4-d]pyrimidines (19). They were tested against
tumor cell line A431.
23. P. Traxler, P. Furet ; Pharmacol. Ther., 82, 195 (1999).
24. (a) R. Karni, S. Mizrachi, E. Reiss-Sklan, A. Gazit, O. Livnah, A. Levitzki, FEBS Lett., 47, 537 (2003). (b)
T. Maruyama, Y. Yamamoto, A. Shimizu, H. Masuda, N. Sakai, R. Sakurai, H. Asada, Y. Yoshimura; Biol.
Reprod., 70, 214 (2003). (c) L. Tatton, G. M. Morley, R. Chopra, A. J. Khwaja, Biol. Chem., 278, 4847
(2003).
25. S. Schenone, O. Bruno, A. Ranise, F. Bondavalli, C. Brullo, P. Fossa, L. Mosti, G. Menozzi, F. Carraro, A.
Naldini, C. Bernini, F. Manettic, M. Bottac; Bioorg. Med. Chem. Lett., 14, 2511–2517 (2004).
26. S. Schenone, O. Bruno, F. Bondavalli, A. Ranise, L. Mosti, G. Menozzi, P. Fossa, S. Donnini, A. Santoro,
M. Ziche, F. Manetti, M. Botta; Euro. J. Med. Chem., 39, 939–946 (2004).
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N
N
N
N
R
R'19
Angelucci et al.27 have used two new pyrazolo[3,4-d]pyrimidines SI35 and SI40,
for investigation the role of c-Src in the control of aggressive phenotype for prostate
carcinoma cell line, PC3. SI molecules reduced the proliferation of PC3 cell in a time
and dose dependent manner, with an IC50 of approximately 50ì M.
N
N
N
N
NH
S
R
SI35 R = CH2-CHCl-C6H5SI40 R = CH2=CHCl-C6H5
3.3 Antiinflammatory activity
The synthesis of 6-dimethylamino-1H-pyrazolo[3,4-d]pyrimidines (20), (21)
substituted at positions 1 and 4, and their antiinflammatory activity on murine macrophage
and human neutrophil functions have been described by Quintela and co-workers28.
Several compounds are potent inhibitors of PGE2 generation in murine macrophages.
This action is related to a direct effect on COX-2 activity without affecting the enzyme
expression. Some of these compounds also inhibited COX-1 and COX-2 in human
monocytes.
N
N
N
NN
R1
Cl
N
N
N
NN
R1
R2
20 21
27. A. Angeluccia, S. Schenoneb, G. L. Gravinaa, P. Muzic, C. Festucciac, C. Vicentinia, M. Bottad, M.
Bolognae; Euro. J. Cancer, 42, 2838-2845 (2006).
28. J. M. Quintela, C. Peinador, L. Gonzalez, I. Devesa, M. L. errandiz, M. J. Alcarazb R. Riguerac, Bioorg.
Med. Chem., 11, 863–868 (2003).
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3.4 Adenosine antagonists
Pyrazolo[3,4-d]pyrimidines were originally identified as adenosine antagonists
during a study of a large number of nitrogen heterocycles, related to caffeine and
theophylline, for activity as potential adenosine A1 antagonists29,30.
Substituted l-phenylpyrazolo[3,4-d]pyrimidines (22) at C6 with thioethers
containing amide moieties and at C4 with amino were synthesized by Mary Chebib et
al31 and tested for adenosine  A1 and A2a receptor binding.
N
N
N
N
NH2
RNHCO(CH2)nS
22
1-Phenyl-pyrazolo[3,4-d]pyrimidines (23) substituted at C6 with thioethers
containing distal amide substituents and substituted at C4 with thiol, thiomethyl or amino
have been synthesized by the same author32 and check the binding affinity of A1 and A2a
adenosine receptor.
N
N
N
N
R
4
R
6
23
29. L. P. Davies, D. J. Brown, S. C. Chow, G. A. Johnston; Neurosci. Lett., 41, 189 (1983).
30. L. P. Davies, S. C. Chow, J. H. Skerritt, D. J. Brown, G. A. R. Johnston; Life Sci., 34, 2117 (1984).
31. M. Chebib, R. J. Quinn; Bioorg.  Med. Chem. Lett., 5 (20), 2409-2412 (1995).
32. M. Chebib, R. J. Quinn; Bioorg.  Med. Chem., 5 (2), 311-322 (1997).
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3.5 Anti-angiogenic activity
Devesa and co-workers33 have reported a new pyrazolo pyrimidine derivative,
N4-benzyl-N6,N6-dimethyl-1-1(tert-butyl)-1H-pyrazolo[3,4-d]pyrimidine-6,4-diamine
(DPP) (24). Analgesic and anti-angiogenic effects of DPP are associated with inhibition
of cycclooxygenase-2 activity.
N
N
NH
N
N
24
3.6 Antiviral activity
A series of pyrazolo[3,4-d]pyrimidines (25) were synthesized by Jyh-Haur
Chern34 and their antiviral activity was evaluated in a plaque reduction assay. This class
of compounds provide remarkable activity against human enteroviruses, in particular,
coxsackieviruses B3 and moderate activity against enterovirus 71.
N
N
N
N
NN
Ar
S
CH3 25
3.7 Antimicrobial activity
B. S. Holla et al.35 have synthesize various derivatives of pyrazolo[3,4-
d]pyrimidines and evaluated for their antibacterial and antifungal activities.
33. I. Devesaa, M. J. Alcaraza, R. Riguerab, M. L. Ferrandiza, Euro. J. Pharmacol., 488, 225–230 (2004).
34. J. Chern, K. Shia, T. Hsu, C. Tai, C. Lee, Y. Lee, C. Chang, S. Tsengb, S. Shihb; Bioorg. Med. Chem. Lett.,
14, 2519–2525 (2004).
35. B. S. Holla, M. Mahalinga, M. S. Karthikeyan, P. M. Akberalib, N. S. Shettyc; Bioorg. Med. Chem., 14,
2040–2047 (2006).
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3.8 Herbicidal activity
H. Liu et al.36 6-(4-alkoxycarbonylalkoxy)phenoxy-3-alkylthio(alkylsulfonyl)-1-
phenyl-5-(substitutedphenyl)pyrazolo[3,4-d]pyrimidin-4-ones (26) and (27) have been
synthesized and screened for the herbicidal activity. The herbicidal activity of all the
compounds were taken against brassica napus (rape) and echinochloa crus-galli
(barnyard grass) at the dosage of 100 and 10 mg/L using the reported procedure37.
N
N
N
N
S
Ph
O
Ar
O
O
R
2
O
O
R
1
R
3
N
N
N
N
S
Ph
O
Ar
O
O
R
2
O
O
R
1
O
O
CH3
26 27
3.8 Antifungal activity
Various 3-methyl-4-aryl-1(2,4-dinitrophenyl)-1,3a,4,5-tetrahydropyrazolo[3,4-
d]pyrimidin-6-ones/thiones (28) have been synthesized by Urmila Gupta and co-
workers38. These compounds showed significant antifungal activities against F.
ozysporum and S. rolfsii using radial growth method at 500 and 1000 ppm.
N
N
CH3
N
NH
X
R
NO2
NO2
X = O and S
28
36. H. Liu, H. Wang. Z. Liu; J. Bioorg. Med. Chem. Lett., 17, 2203-2209 (2007).
37. (a) G. F. Yang, L Xu, A. H. Lu; Hetroat. Chem., 12, 491 (2001). (b) F. L. Yang, Z. J. Liu, X. B. Huang, M.
W. Ding; Heterocycl. Chem., 17, 349 (2004).
38. U. Gupta, V. Sareen, V. Khatri, Chugh; I. J. Heterocyclic Chem., 15, 305-306 (2006).
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4 REACTION SCHEME
Step-1
OO
CH3
CH3
O
CH3
N N
H
CH3
CH3 O
NH2-NH2
.H2O
Step-2
N
N
H
CH3
CH3
O
O H
R
X
NH2
NH2
+
Con. HCl NH
N
H
N
N
H
X
CH3
CH3
R
Where X = O or S
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5 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Step-1 Synthesis of 5-isopropyl-2,4-dihydro-3-pyrazolone.
To a cool solution of methyl isobutryl acetate (0.01 mol, 1.44 gm), hydrazine
hydrate (80%, 0.015 mole) was added drop wise. The reaction mixture was heated and
cooled. Thus, the solid seperated was filtered and washed with 5x5 ml of water, then it
was further washed with methanol:water (50:50). The product was dried at 40 oC under
vaccume for two hours. (Yields 78%), m.p. 153 oC
Step-2 Synthesis of 3-isopropyl-4-phenyl-1,4,5,7-tetrahydro-pyrazolo[3,4-
d]pyrimidin-6-one.
A mixture of 5-isopropyl-2,4-dihydro-3-pyrazolone (0.01 mol, 1.26 gm),
benzaldehyde (0.01 mol, 1.06 gm), and urea (0.01 mol, 0.60 gm) was taken in round
bottom flask (100 ml) containing 10 ml of ethanol and con. HCl (0.5 ml) as catalyst. The
reaction mixture was refluxed for 5 hr and cooled.The separated solid was filtered  and
crystallized from ethanol. Yield 28%. m.p. 255-256 oC, Anal. Calcd. for C14H16N4O
Calcd: C, 65.61; H, 6.29; N, 21.86%, Found: C, 65.26; H, 6.12; N, 21.45%.
Similarly, other 3-isopropyl-4-aryl-1,4,5,7-tetrahydro-pyrazolo[3,4-d]pyrimidin-
6-ones/thiones were prepared and crystallized from appropriate solvents, in some cases
the products were purified by column chromatography. The physical data of respective
products are depicted in the Table-4a & 5a.
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Table-4a: Physical constants of 3-isopropyl-4-aryl-1,4,5,7-tetrahydro-
pyrazolo[3,4-d]pyrimidin-6-ones.
NH
N
H
N
N
H
O
CH3
CH3
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a4 H C 41 H 61 N4O03.652 652-552 82
16.56
62.56
92.6
21.6
68.12
54.12
b4 HCO-4 3
C 51 H 81 N4O2
23.682 372-172 42
29.26
65.26
43.6
93.6
75.91
44.91
c4 ON-3 2
C 41 H 51 N5O3
03.103 652-552 13
18.55
67.55
20.5
69.4
42.32
71.32
d4 lC-4 C 41 H 51 NlC 4O47.092 742-542 22
38.75
76.75
02.5
99.4
72.91
31.91
e4 HCO(-4,3 3)2
C 61 H 02 N4O3
53.613 352-152 81
57.06
44.06
73.6
12.6
17.71
75.71
f4 HCO(-5,2 3)2
C 61 H 02 N4O3
53.613 452-352 02
57.06
45.06
73.6
82.6
17.71
66.71
g4 HCO-2 3
C 51 H 81 N4O2
23.682 072-862 32
29.26
76.26
43.6
12.6
75.91
54.91
h4 HO-2 C 41 H 61 N4O203.272 942-742 91
57.16
45.16
29.5
38.5
85.02
44.02
i4 ON-4 2
C 41 H 51 N5O3
03.103 462-362 62
18.55
96.55
20.5
98.4
42.32
31.22
j4 CO-3 6H5
C 02 H 02 N4O2
93.843 542-442 13
59.86
36.86
97.5
17.5
80.61
88.51
k4 F-4 C 41 H 51 NF 4O92.472 252-152 72
03.16
22.16
15.5
73.4
34.02
13.02
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Table-5a: Physical constants of 3-isopropyl-4-aryl-1,4,5,7-tetrahydro-
pyrazolo[3,4-d]pyrimidin-6-thiones.
NH
N
H
N
N
H
S
CH3
CH3
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a5 H C 41 H 61 N4S63.272 752-552 91
47.16
56.16
29.5
88.5
75.02
54.02
b5 HCO-4 3
C 51 H 81 N4 SO
93.203 642-542 12
85.95
65.95
00.6
98.5
35.81
94.81
c5 ON-3 2
C 41 H 51 N5O2S
63.713 062-062 71
89.25
29.25
67.4
88.4
70.22
00.22
d5 lC-4 C 41 H 51 NlC 4S18.603 852-652 42
18.45
87.45
39.4
97.4
62.81
51.81
e5 HCO(-4,3 3)2
C 61 H 02 N4O2S
24.233 042-832 91
18.75
88.75
60.6
30.6
58.61
55.61
f5 HCO(-5,2 3)2
C 61 H 02 N4O2S
24.233 342-242 52
18.75
54.75
60.6
10.6
58.61
87.61
g5 HCO-2 3
C 51 H 81 N O4 S
93.203 072-862 71
85.95
35.95
00.6
29.5
35.81
94.81
h5 HO-2 C 41 H 61 N4 SO63.882 662-652 61
13.85
81.85
95.5
55.5
34.91
22.91
i5 ON-4 2
C 41 H 51 N5O2S
63.713 942-742 42
89.25
08.25
67.4
07.4
70.22
99.12
j5 CO-3 6H5
C 02 H 02 N4 SO
64.463 732-532 62
19.56
98.56
35.5
64.5
73.51
12.51
k5 F-4 C 41 H 51 NF 4S53.092 552-452 22
19.75
88.75
12.5
62.5
03.91
02.91
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6 SPECTRAL STUDY
IR spectra of 3-isopropyl-4-(4-methoxyphenyl)-1,4,5,7-tetrahydro-pyrazolo[3,4-
d]pyrimidin-6-one.
NH
N
H
N
N
H
O
CH3
CH3
O
CH3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 8492
).mys(.rtsH-C 3282
)mysa(d.p.iH-C 7841
)mys(d.o.oH-C 4531
citamorA
.rtsH-C 0903
)noteleks(C=C 9251
gnidneb.p.iH-C 4201
gnidnebp.oH-C 048
lynobraC .rtsO=C- 9861
enimA
.rtsHN- 9733
.fedHN- 0061
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of 3-isopropyl-4-(3,4-dimethoxyphenyl)-1,4,5,7-tetrahydro-
pyrazolo[3,4-d]pyrimidin-6-one.
NH
N
H
N
N
H
O
CH3
CH3
O
CH3O
CH3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 0192
).mys(.rtsH-C 0482
)mysa(d.p.iH-C 6841
)mys(d.o.oH-C 0431
citamorA
.rtsH-C 2703
)noteleks(C=C 6941,4151
gnidneb.p.iH-C 0301
gnidnebp.oH-C 938
lynobraC .rtsO=C- 0761
enimA
.rtsHN- 9343
.fedHN- 4061
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of 3-isopropyl-4-(4-methoxyphenyl)-1,4,5,7-tetrahydro-pyrazolo[3,4-
d]pyrimidin-6-thione.
NH
N
H
N
N
H
S
CH3
CH3
O
CH3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 8592
).mys(.rtsH-C 3482
)mysa(d.p.iH-C 4661
)mys(d.o.oH-C 3631
citamorA
.rtsH-C 0803
)noteleks(C=C 0551,8941
gnidneb.p.iH-C 8101
gnidnebp.oH-C 648
enimA
.rtsHN- 0243
.fedHN- 9951
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of 3-isopropyl-4-phenyl-1,4,5,7-tetrahydro-pyrazolo[3,4-d]pyrimidin-
6-thione.
NH
N
H
N
N
H
S
CH3
CH3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 0392
).mys(.rtsH-C 5682
)mysa(d.p.iH-C 6341
)mys(d.o.oH-C 4531
citamorA
.rtsH-C 8403
)noteleks(C=C 3351,4151
gnidneb.p.iH-C 8201
gnidnebp.oH-C 218
enimA
.rtsHN- 5633
.fedHN- 4061
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of 3-isopropyl-4-(4-methoxyphenyl)-1,4,5,7-tetrahydro-
pyrazolo[3,4-d]pyrimidin-6-one.
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 21.1-01.1 H3 telbuod HC- 3 69.6
2 12.1-91.1 H3 telbuod HC- 3 88.6
3 89.2-59.2 H1 telpirt )lyporp-osi(HC- -
4 28.3 H3 telgnis HCO- 3 -
5 43.5 H1 telgnis aH- -
6 29.6-88.6 H2 telpitlum 'b,bH- -
7 03.7-82.7 H2 telbuod 'c,cH- 6.8
8 20.9 H1 telgnis )enidimiryp(HN- -
9 02.9 H1 telgnis )enidimiryp(HN- -
01 73.9 H1 telgnis )elozaryp(HN- -
NH
N
H
N
N
H
O
CH3
CH3
O
CH3
Ha
bb'
cc'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3 + DMSO [d6].
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1H-NMR spectra of 3-isopropyl-4-(3,4-dimethoxyphenyl)-1,4,5,7-tetrahydro-
pyrazolo[3,4-d]pyrimidin-6-one.
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 51.1-31.1 H3 telbuod HC- 3 69.6
2 32.1-12.1 H3 telbuod HC- 3 88.6
3 220.3-89.2 H1 telpirt )lyporp-osi(HC- -
4 38.3 H3 telgnis HCO- 3 -
5 88.3 H3 telgnis HCO- 3 -
6 32.5 H1 telgnis aH- -
7 29.6-88.6 H3 telpitlum H-rA -
8 20.9 H1 telgnis )enidimiryp(HN- -
9 02.9 H1 telgnis )enidimiryp(HN- -
01 73.9 H1 telgnis )elozaryp(HN- -
NH
N
H
N
N
H
O
CH3
CH3
O
CH3O
CH3
Ha
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3 + DMSO [d6].
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1H-NMR spectra of 3-isopropyl-4-phenyl-1,4,5,7-tetrahydro-pyrazolo[3,4-
d]pyrimidin-6-thione.
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 21.1-01.1 H3 telbuod HC- 3 29.6
2 91.1-81.1 H3 telbuod HC- 3 08.6
3 89.2-59.2 H1 tertauq )lyporp-osi(HC- -
4 51.5 H1 telgnis aH- -
5 24.7-62.7 H5 telpitlum H-rA -
6 05.8 H1 telgnis )enidimiryp(HN- -
7 03.9 H1 telgnis )enidimiryp(HN- -
8 95.9 H1 telgnis )elozaryp(HN- -
NH
N
H
N
N
H
S
CH3
CH3 Ha
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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1H-NMR spectra of 3-isopropyl-4-(4-methoxyphenyl)-1,4,5,7-tetrahydro-
pyrazolo[3,4-d]pyrimidin-6-thione.
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 41.1-21.1 H3 telbuod HC- 3 69.6
2 32.1-12.1 H3 telbuod HC- 3 88.6
3 30.3-69.2 H1 telpitlum )lyporp-osi(HC- -
4 38.3 H3 telgnis HCO- 3 -
5 43.5 H1 telgnis aH- -
6 29.6-09.6 H2 telpitlum 'b,bH- 46.8
7 53.7-33.7 H2 telbuod 'c,cH- 67.8
8 75.8 H1 telgnis )enidimiryp(HN- -
9 38.8 H1 telgnis )enidimiryp(HN- -
01 50.9 H1 telgnis )elozaryp(HN- -
NH
N
H
N
N
H
S
CH3
CH3
O
CH3
Ha
bb'
cc'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3 + DMSO [d6].
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51
C)57.0(
1
C)17.0(,
2
C)38.0(
3
C)57.0(,
4
81
C)57.0(
1
C)57.0(,
2
C)50.1(
3
C)00.1(,
4
12 C)59.0(
1
C)48.0(,
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C)78.0(
3
C)61.1(,
4
41
C)66.0(
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C)65.0(,
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C)65.0(
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C)39.0(,
4
31
C)45.0(
5
b4
31
C)56.0(
1
C)16.0(,
2
C)27.0(
3
C)56.0(,
4
61
C)66.0(
1
C)66.0(,
2
C)49.0(
3
C)88.0(,
4
31
C)95.0(
1
C)25.0(,
2
C)45.0(
3
C)27.0(,
4
91
C)09.0(
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C)67.0(,
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C)67.0(
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C)62.1(,
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51
C)26.0(
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c4
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C)16.0(
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41
C)85.0(
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71
C)07.0(
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41
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5
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Synthesis, Characterization and
Antimicrobial screening of
Thiazolo[4,5-d]pyrimidines
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1 INTRODUCTION
The rhodanines, 2-thioxo-4-thiazolidinones, appear to be very important as far
as biocidal potency is concerned, probably via incorporation of the N-C=S moiety, the
importance of which has been stressed in many fungicides and bactericides1-3.
Thiazole and pyrimidine nuclei are the active core of various bioactive molecules.
In general, heterocycles encompassing a pyrimidine unit have found applications in a
wide spectrum of biological and therapeutic areas4-9. Thus, the heterocyclic system
resulting from the annulation of a pyrimidine ring on the biologically versatile thiazole
nucleus is an attractive scaffold to be utilized for exploiting chemical diversity.
Fused heterocyclic derivatives with thiazole moiety are very prospective objects
in modern drug discovery. Thiazolo[4,5-d]pyrimidine derivatives, which can be
considered as 7-thia-analogues of the natural purine bases such as adenine and guanine,
have acquired a growing importance as anticancer agents10, antiviral agents used in the
treatment of human cytomegalovirus11, antitumour agents12 and antibacterial agents13.
1. K. Das, D. Panda, B. Bash; J. Indian Chem. Soc., 67, 58-60 (1990); Chem. Abstr., 113, 1912127k (1990).
2. O. P. Chourasia, J. T. Rae; Indian Drugs, 25, 136-139 (1988); Chem. Abstr., 109, 3658a (1988).
3. S. H. An, W. O. Foye; J. Soc. Cosmet. Chem., 31, 289-297 (1980); Chem. Abstr., 94, 168524s (1981).
4. K. Senga, T. Novinson, H. R. Wilson, R. Robins; J. Med. Chem., 24, 610–613 (1981).
5. J. L. Bernier, J. P. Henichart, V. Warin, F. Baert; J. Pharm. Sci., 69, 1343–1345 (1980).
6. S. S. Pharmaceutical Co. Ltd. Jpn. Kokai Tokkyo Koho JP 5, 962,595, (1984); Chem. Abstr., 101, 72754
(1984).
7. L. D. S. Yadav, D. R. Pal; Indian J. Chem., 36B, 1034–1037 (1997).
8. K. J. Pees, G. Albert, US Patent 5, 593,996, (1997); Chem. Abstr., 126, 171605 (1997).
9. W. Pfrengle, A. Franz, Jpn. Kokai Tokkyo Koho JP, 1, 135, 581, (1999); Chem. Abstr., 130, 168390
(1999).
10. (a) N. S. Habin, S. M. Rida, E. A. M. Badaway, H. T. Y. Fahwy; Monatsh. Chem., 127, 1203–1207(1996).
(b) H. T. Y. Fahmy, S. A. F. Rostom, M. N. Saudi, J. K. Zjawiony; Arch. Pharm. Pharm. Med. Chem., 336,
216–225 (2003). (c) A. A. Bekhit, H. T. Y. Fahmy, S. A. F. Rostom, A. M. Baraka; Eur. J. Med. Chem., 38,
27–32 (2003).
11. (a) K. Danel, E. B. Pedersen, C. Nielsen; J. Med. Chem., 41, 191–198 (1998). (b) G. D. Kini, J. D.
Anderson, Y. S. Sanghvi, A. F. Lewis, D. F. Smee, G. R. Revankar, R. K. Robins, H. B. Cottam; J. Med.
Chem., 34, 3006–3010 (1991). (c) B. Tozkoparan, M. Ertan, P. Kelicen, R. Demirdamar; Il Farmaco, 54,
588–593 (1999).
12. (a) M. Hellberg, J. F. Stubbins, R. A. Glennon; Bioorg. J. Med. Chem., 8, 1917–1923 (2000). (b) A.
Balkan, H. Urgan, M. Ozalp; Arzneim-Forsch., 51, 839–842 (2001).
13. N. S. Habin, S. M. Rida, E. A. M. Badaway, H. T. Y. Fahwy, H. A. Ghozlan; Eur. J. Med. Chem., 32, 759–
762 (1997).
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Few reports are also available on the pesticidal activities of thiazolo[4,5-d]pyrimidine
derivatives, such as herbicidal14, fungicidal15 and insecticidal activity16.
Thiazolopyrimidines have also been utilized as templates that have been
additionally functionalized to achieve selective receptor or enzyme interactions17. In this
capacity, analogues have been identified with utilities as chemokine receptor antagonists
useful in treating neurodegenerative disorders17a, as anti-angiogenic kinase17b, inhibitors
as inhibitors of MIF-induced T-cell proliferation17c and others17d-f.
14. Y. X. Liu, Q. Q. Zhao, Q. M. Wang, H. Li, R. Q. Huang, Y. H. Li; J. Fluorine Chem., 126, 345–348 (2005).
15. X. Y. Xua, X. H. Qian, Z. Lia, G. H. Song, W. D. Chen, J. Fluorine Chem., 126, 297–300 (2005).
16. X. M. Zheng, Z. Li, Y. L. Wang, W. D. Chen, Q. C. Huang, C. X. Liu, G. H. Song; J. Fluorine Chem., 123,
163–169 (2003).
17. (a) G. Nordvall, T. Rein, D. Sohn, R. Zemribo, WO 2005033115. (b) R. W. A. Luke, C. D. Jones, W.
McCoull, B. R. Hayter; WO 2004013141. (c) Y. Sugihara, T. Horiguchi, H. Maezaki, A. Kimura; JP
2001097979. (d) T. Shibata, Y. Tokunaga, S. Ito, K. Eguchi, S. Hayashi, JP 06001793. (e) D. J. Brown, W.
C. Dunlap, G. W. Grigg, J. Kelly; Aust. J. Chem., 30, 1775 (1977). (f) E. Mueller, J. Nickl, J. Roch, B. Narr;
DE 2155963.
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2 SYNTHETIC ASPECT AND BIOLOGICAL PROFILE
P. Molina18 and co-workers have reported that the aza-Witting reaction of
iminophosphoranes with heterocumulenes leads to functionalized fused pyrimidines.
Iminophosphoranes (1), react with isocynates and carbon disulfide to form thiazolo[4,5-
d]pyrimidines (4) and (2) respectively.
N
S
N Ar
1
N PPh3Ph
1
CS2
RT
N
N
S
N S
Ar
1
Ph
2
N
S
N Ar
1
N CPh N Ar
2
ArNCO
CH2Cl2RT
Heating
N
N
S
N N
Ar
1
Ph
Ar
2
3 4
K. Nagahara et al.19 have synthesized novel analogues of the naturally occurring
purine nucleosides in the thiazolo[4,5-d]pyrimidine ring system, to determine the
immunomodulatory effects of insertion of a sulfur atom in place of nitrogen at position
7th of the purine ring. Two of the guanosine analogues, (5) and (6), were found to exhibit
significant immunomodulatory effects. Compound (5) exhibited greater immunoactivity
than any or the other guanosine analogues, it was provided excellent protection (92%
survivors compared to 0% for placebo controls) against Semliki Forest virus in mice.
N
NH S
NNH2
O
O
O
OH
OHOH
N
NH S
NNH2
O
S
O
OH
OHOH
5 6
18. P. Molina, A. Arques, M. V. Vinader; J. Org. Chem., 53, 4654-4663 (1988).
19. K. Nagahara, J. D. Anderson, G. D. Kini, N. K. Dalley, S. B. Larson, D. F. Smee, A. Jin, B. S. Sharma, W.
B. Jolley, R. K. Robins, H. B. Cottam; J. Med. Chem., 33, 408 (1990).
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Several sugar-modified nucleoside derivatives of the purine (7) were synthesized
by G. D. Kini et al.20 and these nucleosides were evaluated for antiviral activity in vivo
against the Semliki Forest virus. Some compounds were found toxic at the high dose
and weakly active at the lower dose, while some are inactive in this system.
N
NH S
NNH2
O
O
O
R2
R1R2
7
A. F. Lewis et al.21 have been synthesized a series of alkyl and alkenyl guanine
analogs containing a thiazolo[4,5-d]pyrimidine ring system by reaction of the appropriate
alkyl halide with the sodium salt of the heterocycle. In preliminary antiviral efficacy
evaluations against laboratory strains of both human cytomegalo virus (HCMV) and
herpes simplex virus types 1 and 2, it was determined that two of the compounds
T70072 and T01132 were more active and less toxic in stationary-phase cell monolayers
than were the other derivatives tested.
N
NH S
NNH2
O
O
N
NH S
NNH2
O
O
T70072T01132
20. G. D. Kini, J. D. Anderson, Y. S. Sanghvi, A. F. Lewis, D. F. Smee, G. R. Revankar, R. K. Robins, H. B.
Cottam; J. Med. Chem.,  34, 3006-3010 (1991).
21. A. F. Lewis, J. C. Drach, S. M. Fennewald, J. H. Huffman, R. G. Ptak, J-P. Sommadossi, G. R. Revankar, R.
F. Rando; Antimicrob. Agents Chemother., 12, 2889-2895 (1994).
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V. A. Artyomov et al.22 have reported that the sodium salt of l-allyl-3-
cyanothiourea (8a-b) reacts with N-cyanochloroacetamidin (9) in DMF at room
temperature forming the substituted thiazole (10a,b). Under treatment with HCI in MeOH
thiazoles (10a,b) close the diaminopyrimidine ring with formation of thiazolopyrimidines
(11a,b) which are of significant interest, because they are thio-analogues of purines.
N
X
SNaNC
+
Ar
CN
CNBr
DMF
S
N
X
NH2
NH2
NCN
HCl
MeOH
N
N
N
SX
NH2
NH2
8a-b 9 10a-b 11a-b
Where a; X=NHCH2CH=CH2,
b; X=SCH3
The rhodanine derivatives of thiazolo[4,5-d]pyrimidines (12) were prepared by
treating the appropriate thiazolo[4,5-d]pyrimidines and 4-(p-tolyl)rhodanine in
acetonitrile.23 The new products were evaluated for their antimicrobial activity against
gram positive and gram negative organisms. The minimal inhibitory concentration (MIC)
was measured using the two-fold serial dilution method.
N
N
N
S
R
1
R
2
O
R
N
S
O
S
C6H4-CH3(p)
12
A series of thiazolo[4,5-d]pyrimidine thiones and –ones (13) was prepared by J.
P. Beck et al.24 and discovered to have good binding affinity to the Corticotropin-
Releasing Hormone (CRH-R1) receptor antagonists. This new class of the compounds
is potent as anxiolytics and antidepressants agents.
22. V. A. Artyomov, L. A. Rodinovskaya, A. M.Shestopalov, V. P. Litvinov Tetrahedron, 52, (3), pp. 1011-
1026, (1996).
23. N. S. Habib, S. M. Ridal, E. A. M. Badaweyl, H. T. Y. Fahmyl, H. A. Ghozlanz; Eur. J. Med. Chem., 32,
759-762 (1997).
24. J. P. Beck, M. A. Curry, R. J. Chorvat, L. W. Fitzgerald, P. J. Gilligan, R. Zaczek, G. L. Trainor;  Bioorg.
Med. Chem. Lett., 9, 1185-1188 (1999).
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Aryl
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6,7-Dihydro-5H-thiazolo[3,2-a]pyrimidin-5-ones (14) were synthesized by L.
S. Yadav et al.25 under microwave irradiation and solvent free conditions. One-pot
reactions of glycine, acetic anhydride and thiazole Schiff bases to yield thiazolo[3,2-
a]pyrimidine.
N
N SAr'
MeOCHN
O Ar
14
1H-Pyrazolyl derivatives of thiazolo[4,5-d]pyrimidines have been described by
A. A. Bekhit and co-workers26. All the newly synthesized compounds were examined
for their in vivo anti-inflammatory activity in rats. The in vitro inhibitory activity of the
most active compounds was also estimated towards human COX-1 and COX-2 enzymes.
In addition, the ulcerogenic effects, acute toxicity (LD50) values and antimicrobial activity
of these compounds were determined. The results revealed that compounds (15), (16a-
b), (17) and (18) exhibited antiinflammatory activity. Compounds (16a) and (18) are
the most distinctive derivatives identified, because of their remarkable in vivo and in
vitro anti-inflammatory activity in addition to their pronounced antibacterial activities.
N
N
N
N
N
S
N
CH3
S
CH3
O N
N
15 16
Where R; a=H and
25. L. S. Yadav, S. Dubey, B. S. Yadav; Tetrahedron, 59, 5411–5415 (2003).
26. A. A. Bekhit, H. T. Y. Fahmy, S. A. F. Rostom, A. M. Baraka; Eur. J. Med. Chem., 38, 27-36 (2003).
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J. Liu et al.27 have developed a single-step process for the preparation of 2-
amino-7-chlorothiazolo[5,4-d]pyrimidines (20), it was synthesized by the reaction of
the commercially available 4,6-dichloro-5-aminopyrimidine (19) with isothiocyanates.
The reaction of such intermediates with alkyl or arylamine nucleophiles to afford novel,
differentially functionalized 2,7-diaminothiazolo[5,4-d]pyrimidines (21).
N
N
Cl
NH2
Cl N
N
Cl
N
S
NH
R1 N
N
NH
N
S
NH
R1
R2
R2
-NH2
Acid or Base
Microwave, 150oC
R1-N=C=S
Base
19 20 21
Y. Liang et al.28 were designed a series of 5-alkylamino-6-aryl-3-phenyl-2-thioxo-
2,3-dihydrothiazolo[4,5-d]pyrimidin-7(6H)-ones (22) and synthesized via a tandem aza-
Wittig reaction using sodium ethoxide as catalyst. The preliminary bioassay indicated
that some compounds showed significant inhibition activities against the root growth of
rape and barnyard grass at a dosage of 100 mg/L.
N
NN
S
Ph
S
NHR
R
O
22
27. J. Liu, R. J. Patch, C. Schubert, M. R. Player; J. Org. Chem., 70, 10194-10197 (2005).
28. Y. Liang, S. Fan, W. Yan Mo, H. Wu He; J. Fluorine Chem., 128, 879–884 (2007).
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V. V. Dabholkar and co-workers29 have been synthesized 3/4-substituted-
hexahydrothiazolo[4,5-d]pyridine by microwave irradiation as well as by conventional
method. The yields obtained with microwave conditions are excellent as compared to
the conventional method.
N
N
S
N
Ar
Ar1
O
HH
S
H
N
N
S
N
Ar
Ar1
S
HH
S
H
23 24
The condensation of thaizolidin-5-one derivative (25) with different aromatic
aldehydes gave the corresponding arylidenes (26). These compound (26) were reacted
with urea and thiourea to give the corresponding thiazolo[4,5-d]pyrimidine derivatives
(27) respectively30.
S
N
Ph
NPhO S
N
Ph
NPhO
ArHC
X
Hr-CHO
EtOH
NH2CXNH2
EtOH/EtONa
25 26
29. V. V. Dabholkar, S. S. Ahmed; Ind. J. Chem., 43B, 2646-2649 (2004).
30. M. A. Metwally, E. M. Keshk, A. Fekry, H. S. Joshi A. Etman; Phosphorus, Sulfur, and Silicon, 179,
2067-2079 (2004).
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In literature survey common methods for assembling this bicyclic system involve
treatment of substituted pyrimidines with reagents such as phosgene31, carbon disulfide32,
phosphorus pentasulfide33, or cyanogen bromide34 to form the fused thiazole ring.
Alternatively, the fused pyrimidine ring has been formed from functionally advanced
thiazoles by treatment with reagents such as formamidine acetate35, carbon disulfide36,
formamide37, and phosphorus pentoxide38. However, both of these approaches suffer
from the requirements of using toxic reagents, harsh conditions, and/or somewhat lengthy
reaction sequences39a-l.
Herein, we report a convenient, single-step synthesis of 7-aryl-6,7-dihydro-
3H,4H-thiazolo[4,5-d]pyrimidine-2,5-diones -or- 7-aryl-5-thioxo-4,5,6,7-tetrahydro-
3H-thiazolo[4,5-d]pyrimidin-2-ones. directly form 2,4-thiazolidinone, different aromatic
aldehydes and urea -or- thiourea respectively under mild acidic condition using Biginelli
approach29,30.
31. S. Inuoe; Chem. Pharm. Bull., 6, 675 (1958).
32. D. J. Brown, W. C. Dunlap, G. W. Grigg, Kelly; J. Aust. J. Chem., 30, 1775 (1977).
33. D. T. Hurst, S. Atcha, K. L. Marshall; Aust. J. Chem., 44, 129 (1991).
34. J. C. Sircar, M. J.Suto, M. E. Scott, M. K. Dong, R. B. Gilbertsen; J. Med. Chem., 29, 1804( 1986).
35. F. Freeman, D. S. H. L. Kim; J. Org. Chem., 56, 4645 (1991).
36. A. H. Cook, E. Smith; J. Chem. Soc., Abstr. 2329 (1949).
37. K. L. M. El-Bayouki, W. M. Basyouni; Bull. Chem. Soc. Jpn., 61, 3794 (1988).
38. K. E. Andersen, M. Hammad, E. B. Pedersen; Liebigs Ann. Chem., 1255 (1986).
39. (a) F. Seela, N. Ramzaeva, H. Rosemeyer; Sci. Synth., 16, 945 (2004). (b) H. Ulrich, Sci. Synth., 11, 835
(2002). (c) S. Ram, W. Evans, Jr. D. S. Wise, L. B. Townsend, J. W. McCall; J. Heterocycl. Chem., 26,
1053 (1989). (d) A. K. Sen, G. Chattopadhyay; Indian J. Chem., 18B, 307 (1979). (e) T. Naito, S. Inoue;
Chem. Pharm. Bull., 6, 338 (1958). (f) T. Takahashi, T. Naito, S. Inoue; Chem. Pharm. Bull., 6, 334
(1958). (g) S. Sugiura, E. Suzuki, T. Naito, S. Inoue; Chem. Pharm. Bull., 16, 741 (1968). (h) N. S. Habib,
S. M. Rida, E. A. M. Badawey, H. T. Y. Fahmy; Monatsh. Chem., 127, 1203 (1996). (i) N. S. Habib, S. M.
Rida, E. A. M. Badawey, H. T. Y. Fahmy; Monatsh. Chem. 127, 1209 (1996). (j) A. F. Lewis, G. R.
Revankar, S. M. Fennewald, J. H. Huffman, R. F. Rando; J. Heterocycl. Chem., 32, 547 (1995). (k) E. S.
A. M. Badawey, S. M. Rida, A. A. Hazza, H. T. Y. Fahmy, Y. M. Gohar; Eur. J. Med. Chem., 28, 91 (1993).
(l) E. S. A. M. Badawey, S. M. Rida, A. A. Hazza, H. T. Y. Fahmy, Y. M. Gohar; Eur. J. Med. Chem., 28, 97
(1993).
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3 REACTION SCHEME
Step-1
+
O
R
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PiperidineN
H
S
OO S
N
H
O
O
R
Step-2
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NH
N
H
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N
H
X
O
NH2
NH2 X
+
Where X = O or S
S
N
H
O
O
R R
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4 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Step-1 Synthesis of 5-benzylidene-1,3-thiazolidine-2,4-dione.
A mixture of 2,4-thiazolidinone (0.01 mol, 1.17 gm) and benzaldehyde (0.01
mol, 1.06 gm) were taken in a round bottom flask (100 ml) containing 10 ml of ethanol,
heated under reflux for 30 min and pyridine (1 ml) was added to the reaction mixture.
After 5 hr, when a solid products separated, the reaction mixture was cooled, the solid
product was filtered and washed with cold mixture of ethanol:water (1:1) to give the
product. The crude product was purified by recrystallization from 95% ethanol to afford
the pure product.
Step-2 Synthesis of 7-phenyl-6,7-dihydro-3H,4H-thiazolo[4,5-d]pyrimidine-2,5-
dione.
A mixture of 5-benzylidene-1,3-thiazolidine-2,4-diones (0.01 mol, 2.05 gm), urea
(0.011 mol, 0.66 gm) and ethanolic HCl (10 ml, 0.01N) was refluxed for 5 hr. The
separated solid was isolated from, washed with ethanol (5 ml) and purified by
recrystallization from ethanol to get desire product. Yield 19%. m.p. 215-217 oC, Anal.
Calcd. for C11H9N3O2S Calcd: C, 53.43; H, 3.67; N, 16.99%, Found: C, 53.22; H,
3.45; N, 16.86%.
Similarly, other 7-aryl-6,7-dihydro-3H,4H-thiazolo[4,5-d]pyrimidine-2,5-diones
-and- 7-aryl-5-thioxo-4,5,6,7-tetrahydro-3H-thiazolo[4,5-d]pyrimidin-2-ones were
prepared and crystallized from appropriate solvents, in some cases the products were
purified by column chromatography. The physical data of respective products are depicted
in the Table-6a & 7a.
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Table-6a: Physical constants of 7-aryl-6,7-dihydro-3H ,4H-thiazolo[4,5-
d]pyrimidine-2,5-diones.
NH
N
H
S
N
H
O
O
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a6 H C 11 H9N3O2S72.742 712-512 91
34.35
22.35
76.3
54.3
99.61
98.61
b6 HCO-4 3
C 21 H 11 N3O3S
92.772 322-222 72
89.15
68.15
00.4
98.3
51.51
99.41
c6 ON-3 2
C 11 H8N4O4S
72.292 022-812 22
02.54
60.54
67.2
85.2
71.91
10.91
d6 lC-4 C 11 H8 NlC 3O2S17.182 212-112 81
09.64
57.64
68.2
77.2
85.21
14.21
e6 HCO(-4,3 3)2
C 31 H 31 N3O4S
23.703 732-532 12
18.05
57.05
62.4
12.4
76.31
75.31
f6 HCO(-5,2 3)2
C 31 H 31 N3O4S
23.703 822-622 52
18.05
45.05
62.4
82.4
76.31
83.31
g6 HCO-2 3
C 21 H 11 N3O3S
92.772 032-922 62
89.15
77.15
00.4
78.3
51.51
60.51
h6 HO-2 C 11 H9N3O3S72.362 522-422 81
81.05
30.05
54.3
23.3
69.51
27.51
i6 ON-4 2
C 11 H8N4O4S
72.292 912-812 32
02.54
89.44
67.2
052
71.91
30.91
j6 CO-3 6H5
C 71 H 31 N3O3S
63.933 102-002 92
71.06
30.06
68.3
07.3
83.21
82.21
k6 F-4 C 11 H8 NF 3O2S62.562 512-412 71
18.94
95.94
40.3
59.2
48.51
57.51
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Table-7a: Physical constants of 7-aryl-5-thioxo-4,5,6,7-tetrahydro-3H-
thiazolo[4,5-d]pyrimidin-2-ones.
NH
N
H
S
N
H
O
S
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY
%
noitisopmoC%
dnuoF/.dclaC
C H N
a7 H C 11 H9N3 SO 233.362 022-812 72
71.05
11.05
44.3
93.3
69.51
78.51
b7 HCO-4 3
C 21 H 11 N3O2S2
63.392 122-022 12
31.94
10.94
87.3
66.3
23.41
82.41
c7 ON-3 2
C 11 H8N4O3S2
33.803 132-922 42
58.24
88.24
26.2
96.2
71.81
22.81
d7 lC-4 C 11 H8 NlC 3 SO 287.792 642-542 62
73.44
53.44
17.2
86.2
11.41
10.41
e7 HCO(-4,3 3)2
C 31 H 31 N3O3S2
93.323 352-252 92
82.84
91.84
50.4
89.3
99.21
08.21
f7 HCO(-5,2 3)2
C 31 H 31 N3O3S2
93.323 552-452 03
82.84
41.84
50.4
70.4
99.21
29.21
g7 HCO-2 3
C 21 H 11 N3O2S2
63.392 912-812 22
31.94
00.94
87.3
54.3
23.41
92.41
h7 HO-2 C 11 H9N3O3S72.362 842-642 81
81.05
60.05
54.3
44.3
69.51
19.51
i7 ON-4 2
C 11 H8N4O3S2
33.803 732-532 12
58.24
17.24
26.2
85.2
71.81
11.81
j7 CO-3 6H5
C 71 H 31 N3O2S2
34.553 932-832 72
54.75
43.75
96.3
56.3
28.11
87.11
k7 F-4 C 11 H8 NF 3 SO 223.182 052-942 02
69.64
88.64
78.2
08.2
49.41
08.41
T h i a z o l o [ 4 , 5 -d ] p y r i m i d i n e s 129
Chapter-3
5 SPECTRAL STUDY
IR spectra of 7-(4-methoxyphenyl)-6,7-dihydro-3H,4H-thiazolo[4,5-d]pyrimidine-
2,5-dione.
NH
N
H
S
N
H
O
O
OCH3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 5392
).mys(.rtsH-C 2582
)mysa(d.p.iH-C 0541
)mys(d.o.oH-C 4331
citamorA
.rtsH-C 5013
)noteleks(C=C 3151
gnidneb.p.iH-C 8401
gnidnebp.oH-C 048
lynobraC
)aeru(.rtsO=C- 1961
)gnirelozaiht(.rtsO=C- 8661
enimA
.rtsHN- 1243
.fedHN- 4161
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of 7-(4-methoxyphenyl)-5-thioxo-4,5,6,7-tetrahydro-3H-thiazolo[4,5-
d]pyrimidin-2-one.
NH
N
H
S
N
H
O
S
OCH3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 3392
).mys(.rtsH-C 4582
)mysa(d.p.iH-C 2441
)mys(d.o.oH-C 8331
citamorA
.rtsH-C 7113
)noteleks(C=C 1351
gnidneb.p.iH-C 5401
gnidnebp.oH-C -
lynobraC .rtsO=C- 3961
enimA
.rtsHN- 5243
.fedHN- 2261
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of 7-(4-methoxyphenyl)-6,7-dihydro-3H,4H-thiazolo[4,5-
d]pyrimidine-2,5-dione.
NH
N
H
S
N
H
O
O
OCH3
Ha
a a'
b b'
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 68.3 H3 telgnis HCO- 3 -
2 25.5 H1 telgnis aH- -
3 00.7-89.6 H2 telbuodelbuod 'b,bH- 08.8
4 03.7-82.7 H2 telbuodelbuod 'a,aH- 67.8
5 40.11 H1 telgnis )enidimiryp(HN- -
6 81.11 H1 telgnis )enidimiryp(HN- -
7 00.21 H1 telgnis )eloziaht(HN- -
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3 + DMSO [d6].
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1H-NMR spectra of 7-(4-methoxyphenyl)-5-thioxo-4,5,6,7-tetrahydro-3H-
thiazolo[4,5-d]pyrimidin-2-one.
NH
N
H
S
N
H
O
S
OCH3
Ha
a a'
b b'
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 68.3 H3 telgnis HCO- 3 -
2 03.5 H1 telgnis aH- -
3 00.7-89.6 H2 telbuodelbuod 'b,bH- 67.8
4 03.7-82.7 H2 telbuodelbuod 'a,aH- 67.8
5 21.11 H1 telgnis )enidimiryp(HN- -
6 52.11 H1 telgnis )enidimiryp(HN- -
7 50.21 H1 telgnis )eloziaht(HN- -
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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1 INTRODUCTION
1,4-Dihydropyridines (DHPs) belong to the class of nitrogen containing
heterocycles having a 6-membered ring (dihydroderivatives of azines). Among the
different dihydropyridine isomers, 1,4-DHPs merit special attention, particularly because
of their pharmaceutical importance. The dihydropyridine structure is involved in biological
redox processes as the reduced forms of the co-enzymes NADH and NAD(P)H, and
the pharmacological properties of 1,4-DHPs have been extensively studied for several
decades.1,2
For instance, the antioxidative effects of dihydropyridine derivatives have been
widely investigated because this property is thought to contribute to their pharmacological
actions.3-8 Due to their radioprotective properties, 1,4- DHPs are currently used to
diminish the side effects of radiotherapy in the treatment of cancer patients.9-11 4-Aryl-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylates are widely used for the treatment
of cardiovascular diseases (hypertension, angina pectoris and infarction).12-14 The
dihydropyridines are among the most effective calcium channel antagonists or calcium
channel blockers.13
1. D. J. Triggle; Cell. Mol. Neurobiol., 23, 293-303 (2003).
2. N. Inotsume, M. Nakano; J. Biochem. Biophys. Methods, 54, 255-274 (2002).
3. M. Inouye, T. Mio, K. Sumino; Eur. J. Clin. Pharmacol., 56, 35-41(2000).
4. D. Mantle, V. B. Patel, H. J. Why, S. Ahmed, I. Rahman, W. MacNee, W. S. Wassif, P. J. Richardson, V.
R. Preedy; Clin. Chim. Acta, 299, 1-10 (2000).
5. D. J. Rubene, G. D. Tirzit, G. J. Dubur, Chem. ser., 212-215 (1982).
6. G. Tirzitis, I. Kirule, G. Duburs; Fat. Sci. Technol., 90, 411-413 (1988).
7. A. Velena, J. Zilbers, and G. Duburs; Cell Biochem. Funct., 17, 237-252 (1999).
8. K. Yao, Y. Ina, K. Nagashima, K. Ohmori, T. Ohno; Biol. Pharm. Bull., 23, 766-769 (2000).
9. E. A. Bisenieks, J. R. Uldrikis, I. E. Kirule, G. D. Tirzit, G. J. Dubur; Khim. Geterotsikl. Soed., 1528-1531
(1982).
10. E. V. Ivanov, T. V. Ponomarjeva, G. N. Merkusev, G. J. Dubur, E. A. Bisenieks, A. Z. Dauvarte, E. M.
Pilscik; 31, 69-78 (1990).
11. E. I. Kozlov, R. A. Ivanova, G. J. Dubur, J. R. Uldrikis, Khim.-Farm. Zh., 12, 101-105 (1978).
12. S. Goldmann, J. Stoltefuss; Angew. Chem., Int. Ed. Engl., 30, 1559-1578 (1991).
13. R. M. Robertson, D. Robertson; The pharmacological basis of therapeutics (McGraw-Hill Companies,
Inc), pp. 759-779 (1996).
14. Y. Tokuma, H. Noguchi; J. Chromatogr. A., 694, 181-193 (1995).
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The most common side effects caused by calcium antagonists are due to excessive
vasodilatation. Since nifedipine (Adalat) was introduced in Germany in 1975 by Bayer
AG,15 many other products such as nimodipine,16 nifedipine,17 nicardipine,18 nilvadipine,19
felodipine,20 isradipine,21 darodipine,22 riodipine,23 flordipine,24 amlodipine,25
nitrendipine,26 lacidipine,27 barnidipine,28 sagandipine,29 benidipine,30 furnidipine,31
taludipinem,32 iganidipine,33 manidipine,34 lemidipine,35 efonidipine,36 azelnidipine,37
elgodipine,38 pranidipine,39 lemildipine,40 dexniguldipine41 and cilnidipine42 have appeared
in the market.
15. F. Bossert, W. Vater; Naturwissenschaften, 58, 578 (1971).
16. H. Meyer, Denmark Patent, 2117571 (1972), U. S. Patent, 3799934 (1974), R. Towart, S. Kazad; British
Journal of Pharmacology, 67, 409 (1979).
17. V. Bossert; U. S. Patent, 3485847 (1969); Arzneim. Forsch, 22, 330-388 (1972).
18. M. Murkami; Belgium Patent, 811324 (1974); U. S. Patent, 3985758 (1976); M. Iwanami Et al; Chem.
Pharm. Bull., 27,1426 (1979).
19. Y. Sato; Belgium Patent, 879263 (1980); U. S. Patent, 4338322 (1982), A. Q. Miyamae; Chem. Pharm.
Bull., 34, 3070 (1986).
20. P. B. Berntsson, A. I. Carlsson, J. O. Gaarder, B. R Ljuga; Chem. Abstr., 106, 4787 (1987).
21. P. Neumann; Eur. Patent, 150 (1979); Chem. Abstr., 92, 94404 (1980).
22. M. Heitzmann; Chem. Abstr., 107, 236717 (1987).
23. V. V. Kastron, G. J. Dubur, V. D. Sharts, L. M. Yabupolsky; Arzneim. Forsch, 35, 669 (1985).
24. F. C. Hung, G. J. Lin and H. Jones; Eur. Patnet. Appl., 10949 (1984).
25. S. F. Camlbell, P. E. Cross and J. K. Stubbs; U. S. Patent 4, 512, 909 (1986); Chem. Abstr., 105, 42611
(1986).
26. H. Mayer et. al.; Denmark Patent, 2117571 (1972); U. S. Patnet, 3799934 (1974); Arzneim. Forsch, 31,
407 (1981).
27. M. Safer et. al., Clin. Pharmacol. Ther., 46, 94-98 (1989).
28. H. Satoh; Cardiovasc. Drug. Rev., 9(4), 340 (1991).
29. L. H. Schilager (Gerot Pharm Gmbh); Eur. Patent. Appl., 342182 (1989).
30. K. Muto et. al. ; ET 63365, (1982); U. S. Patent, 4448964 (1984).
31. P. Statkow et. al.; Eur. J. Pharmacol. Abstr. Pwe., 183(4), 173, (1990).
32. C. Semeraro, D. Michelli, D. Pieraccioli, G. Gaviraghi, A. D. Borthwich; Chem. Abstr., 107, 236519 (1987).
33. C. P. Robinson, K. A. Robinson, J. Castaner; Drugs Fut., 22(1), 23 (1997).
34. K. Meguro, A. Nagakoka; Euro. Patent, 138505; Japan Patent, 85084269; U. S. Patent, 4063135.
35. J. Prous, J. Castaner; Drugs Fut., 14(4), 331; Japan Patent, 84152373, 85139671, (1989).
36. R. Sakoda, Y. Kamilkawaji, K. Seto; Chem. Pharm. Bull., 40(9), 2362, (1992).
37. J. Prous  J. Castaner; Drugs Fut., 15(7), 1671, (1990).
38. A. Galiano; Drugs Fut. 20, 231 (1995).
39. Y. Uehar, Y. Kawabata, N. Ohshima, N. Hirawa, S. Takada, A. Numabe, T. Nagata, A. Goto, S. Yagi, M. J.
Omata; Cardiovasc. Pharmacol., 23, 970 (1994).
40. T. Nakagawa, Y. Yamauchi, S. Kondo, M. Fuji, N. Yokoo, Jpn. J. Pharmacol., 64 (Suppl.1), abst. P-260
(1994).
41. R. Boer, V. Gekeler; Drugs Fut., 20, 499 1995,.
42. T. Konda, T. Takeda, A. Takahara, H. J. Uneyama; Hypertens., 21, Abst. P-82 (2003).
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1,4-DHPs possess a broad range of other biological activities, such as
hepatoprotective,43 photosensitizing,44 antitumor,45 antimutagenic,46 geroprotective,47
antidiabetic,48 anti-inflammatory49 and antibacterial50 properties. Charged amphiphilic
dihydropyridines may have potential as efficient and safe agents for gene delivery in
cells.51 Neuromodulatory and neuroregulatory actions52 of some classes of 1,4-DHPs
have been also reported. 1,4-DHPs were found capable of prevention of alcoholinduced
neurodegenerative disorders.53
43. J. Briede, D. Daija, M. Stivrina, G. Duburs; Cell. Biochem. Func., 17, 89-96 (1999).
44. M. Martin-Caraballo, C. R. Triggle, D. Bieger; Br. J. Pharmacol., 116, 3293-3301 (1995).
45. (a) K. K. Kumsar, A. H. Velena, G. J. Dubur, J. P. Uldrikis, A. A. Zidermane, Biokhimiia, 36, 1204-1208
(1971). (b) A. Shah, H. Gaveriya, N. Motohashi, M. Kawase, S. Saito, H. Sakagami, , K. Satoh, Y. Tada,
A. Solymosi, K. Walfard, J. Molnar; Anticancer Res., 20, 373-377 (2000).
46. T. D. Kuzhir, O. V. Dalivelia, N. V. Savina; Genetika, 35, 919-924 (1999).
47. N. M. Emanuel, L. K. Obukhova, G. J. Dubur, G. D. Tirzit, J. R. Uldrikis, Dokl. Akad. Nauk SSSR, 284,
1271-1274 (1985).
48. G. L. Bird, A. T. Prach, A. D. McMahon, J. A. Forrest, P. R. Mills, B. J. Danesh; J. Hepatol., 28, 194-198
(1998).
49. A. Klegeris, E. Liutkevicius, G. Mikalauskiene, G. Duburs, P. L. McGeer, V. Klusa; Eur. J. Pharmacol.,
441, 203-208 (2002).
50. K. Gorlitzer, C. Kramer, C. Boyle; Pharmazie, 55, 651-658 (2000).
51. (a) Z. Hyvonen, A. Plotniece, I. Reine, B. Chekavichus, G. Duburs, A. Urtti; Biochim. Biophys. Acta,
1509, 451-466 (2000). (b) Z. Hyvonen, M. Ruponen, S. Ronkko, P. Suhonen, A. Urtti; Eur. J. Pharm.
Sci., 15, 449-460 (2002).
52. (a) V.  Klusa; Drugs of the Future, 20, 135-138 (1995). (b) V. Klusa, G. Duburs; Acta Medica. Baltica.,
3, 104-114 (1996). (c) V. Klusa, S. Germane; Scand. J. Lab. Anim. Sci., 23, 403-409 (1996). (d) I. Misane,
V. Klusa, M. Dambrova, S. Germane, G. Duburs, E. Bisenieks, R. Rimondini, S. O. Ogren; Eur.
Neuropsychopharmacol., 8, 329-347(1998). (e) L. M. Tarasenko, K. S. Neporada, V. Klusha; Bull. Exp.
Biol. Med., 133, 369-371 (2002).
53. (a) S. Germane, I. Misane, V. Klusa; Laboratornye Zhyvotnye, 5, 73-81 (1995). (b) W. P. Watson, H. J.
Little; Alcohol Alcohol., 34, 35-42 (1999).
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2 LITERATURE SURVEY AND BIOLOGICAL PROFILE
In 1882, 1,4-DHP was introduced by Hantzsch54,55 in a single step preparation.
The work was limited to symmetric diester at position C3 and C5 involving the
condensation of an aldehyde, ammonia and acetoacetic ester. After that the 1,3-dicarbonyl
compound   was utilized by Beyer56 and later by Knoevenagel57 to modify the preparation
of unsymmetrical 1,4-dihydropyridine by condensation of an alkylidene or arylidene 1,3-
dicarbonyl compound with á-amino-á’,á-unsaturated carbonyl compound for getting pure
product avoiding side products.58
It is observed that changes in the substitution pattern at C3, C4 and C5 positions
for the first generation calcium channel antagonist like Nifedipine, alters potency59, tissue
selectivity60 and confirmation61 of the 1,4-DHPs ring.
Unsymmetrical 1,4-DHP can be divided into two categories,
1. Unsymmetrical with respect to 3 and 5 position.
2. Unsymmetrical with respect to 2 and 6 position.
Major synthetic work done on unsymmetrical 1,4-DHP with respect to 3 and 5
position. In most of the 1,4-unsymmetrical DHPs have carboxyalkyl, carboxyaryl, cyano,
acetyl, benzoyl, phenylcarbamoyl groups either 3 or 5 position.
2.1-A Unsymmetrical 1,4-DHPs with respect to ester group.
First 1,4-DHP was synthesized by Hantzsch54, but this work was limited to
symmetric diester at position 3 and 5. As this type of molecules gain pharmacological
importance in seventy’s molecules having different ester groups at 3 and 4 position
54. A. Hantzsch; Justus Liebigs Ann. Chem., 1, 215 (1882).
55. A. Hantzsch; Ber., 17, 1515, (1884); Ber., 18, 1774, 2579, (1885).
56. T. P. Singer, E. B. Kearney; Advan. Enzymol., 15, 79 (1964).
57. E. Knoevengel, W. Rushhuaupt; Ber., 31, 1025 (1898).
58. (a) N. Yoshimoto and co-workers E. P. 0168789, U. S. Patent, 4730052. (b) D. Nardi and coworkers U. S.
Patent, 4772621. (c) M. Kenji and coworkers E. P. 82103166, U. S. Patent, 4448964. (d) M. Iwanami and
coworkers O063365(B1), O063365(B2).
59. R. A. Janis, D. J. Triggle; J. Med. Chem., 26, 775 (1983).
60. H. Meyer, S. Kazda, P. Belleman; Annu. Eep. Med Chem., 23, 1448 (1980).
61. (a) A. M. Triggle, E. Schfter, D. J. Triggle; J. Med. Chem., 23, 1448 (1980). (b) R. Fossheim, K. Svarteng,
A. Mostad C. Romming, E. Shefeter, D. J. Triggle; J. Med. Chem., 25, 126, (1982).
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synthesized. It leads to the development of second generation of 1,4-DHPs. Structures
of some of unsymmetrical 1,4-DHPs having different esters at 3 and 5 position or ester
group at 3 or 5 position are given in following table.
Out of many series of unsymmetrical 1,4-DHPs some of the compounds are of
interest which bearing an ester groups at 3 and 5 position or at one of the position. Few
examples are mentioned here as under.
1,4-Dihydropyrdine drugs bearing 3-nitorphenyl substitution on C4 position of 1,4DHPs.
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DHPs drugs other than NO2 group on C4 phenyl group.
N
H
CH3 CH3
O
O
O
O
O
O
CH3
CH3
N
CH3
F
Elgodipine
N
H
CH3 CH3
O
OO
EtO
NH
N3
O
CF3
AzidodipineSagandipine
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CH3 CH3
O
OO
MeO
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O N
N
H
CH3 CH3
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O CH3
Cl
CH3
Cl
Felodipine
N
H
CH3 CH3
O
OO
O
CH3
N
N
CF3
Manidipine
1,4-DHPs are regarded as privileged structures for drug design, i.e. they tend to
bind to a wide variety of receptor sites. K. A. Jacobson et al.62 have synthesize 1,4DHPs
and replace one of the ester group with a negatively charged phoshponate 1 group, i.e.
MRS 2154, MRS 2155 and MRS 2154. These derivatives were screened for their A3
adenosine receptors antagonist activity.
N
H
O
EtO
P
O
-
NH4
+
O
R R'
O
-
NH4
+
1a, R,R=CH3 (MRS2154) (MR
1b, R=Phenyl, R=CH3 (MRS2155) 
1c, R=CH3, R=phenyl (MRS2156),
1
62. K. A. Jacobson , K. Yong-Chul , B. F. King; J. Autonomic Nerv. Syst., 81, 152– 157 (2000).
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S. Tasaka and co-workers63 have synthesized some newly 1,4-DHP derivatives
(2) and (3) possessing a 1-pentylgroup at the 4-position and 3-pyridylpropylester. They
were found to be effective for P-glycoprotein mediated multidrug-resistance (MDR) in
cultured human cancer cells,  in vitro and MDR P338 leukemia-bearing mice, in vivo.
N
H
CH3
O
R
O
O
N CH3 CH3
O ON
N
H
2 3
4-Phenylethynyl-6-phenyl-1,4-dihydropyridine derivatives (4) were screened for
selective antagonists at human A3 adenosine receptors, in submicromolar range by An-Hu
Li64. Selectivity of the new analogues for cloned human A3 adenosine receptors was
determined in radioligand binding in comparison to binding at rat brain A1 and A2A receptors.
C
C
N
H
R5
O
R3
O
R2
4
A new series of 4-alkyl-1,4-dihydropyridines (5) were synthesized and evaluated
for their ability to inhibit washed rabbit platelet aggregation induced by PAF-acether
and to reverse PAF-induced hypotension in anesthetized rats by C. E. Sunkel et. al.65
Additionally, compounds were evaluated for their ability to inhibit the binding of
radiolabeled PAF to its receptor on rabbit platelets.
63. S. Tasaka, H. Ohmori, N. Gomi, M. Iino, T. Machida, A Kiue, S. Naitob, M. Kuwanoc; Bioorg.
Med. Chem. Lett., 11, 275-277 (2001).
64. An-Hu Li, L. Chang, Xiao-duo Ji, N. Melman, K.A. Jacobson; Bioconjugate Chem., 10, 667-
677 (1999).
65. C. E. Sunkel, M. Fau de Casa-Juana, L. Santos, M. M. Gbmez, M. Villarroya, M. A. Gonzdlez-
Morales, J. G. Priego, M. P. Ortega; J. Med. Chem., 33, 3205-3210 (1990).
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N
H
R H
R
2
COO
CH3
COO(CH2)2SR
1
CH3
5
The synthesis and in vitro pharmacology of a series of triaryl-l,4-dihydropyridines
(6) were investigated by J. Lehuede and co-workers.66 All the compounds possessed a
radical scavenging effect and an antiperoxidant activity. The higher binding affinity and
antioxidant activity of these new triaryl-l,4-dihydropyridines might be effective in cerebral
ischemic disease treatment.
N
H
Ar1
Ar2CH3
H5C2OOC
R
6
N. I. Ryabokon et al.67 have synthesized a series of 1,4-DHPs (7) to reduces
DNA damage and stimulates DNA repair in human cells in vitro.
N
H
H R
4
R
5
O
R
3
O
CH3 CH3
7
Calcium channel blockers or calcium channel antagonists are structurally divided
in two large groups: the dihydropyridines (DHP), represented by Nifedipine and the
non-dihydropyridines, represented by Verapamil and Diltiazem.68 They elicit the
therapeutic effects by reversibly blocking Ca2+ influx through L-type calcium channels
(LCCs) found in cardiac and vascular smooth muscle69.
66. J. Lehuedel, F. Huguet, B. Fauconneau, A. Piriou, J. M. Vierfond . Eur. J. Med. Chem., 31,
71-75 (1996).
67. N. I. Ryabokon, R. I. Goncharova, G. Duburs, J. Rzeszowska-Wolny; Mutation Research, 587, 52–58
(2005).
68. G. Campiani, A. Garofalo, I. Fiorini, M. Botta, V. Nacci, A.Ta., Chiarini, A. R. Budriesi, G. Bruni, M. R.
Romeo; J. Med. Chem., 38, 4393 (1995).
69. K. J. Schleifer; J. Med. Chem., 42, 2204 (1999).
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DHPs have received most attention as calcium channel blockers, as exemplified
by commercial therapeutic agents such as nifedipine,17 nitrendipine26 and nimodipine.16
Second-generation calcium antagonists include DHPs with improved bioavailability, tissue
selectivity/stability, such as antihypertensive/anti-anginal drugs elgodipine,2d furnidipine,31
darodipine,22 pranidipine,39 lemildipine,40 dexniguldipine,41 lacidipine,27 and benidipine30.
Number of DHPs acting as calcium agonists rather than antagonists was introduced as
potential drug candidates for treatment of congestive heart failure.70,71
Many authors have synthesized 1,4-DHPs and screened for their calcium channel
blocking (calcium channel antagonist) activity. Following structures of unsymmetrical
1,4-DHPs having calcium channel antagonist activity.
N
H
NH
N
CH3 CH3
COOCH(CH3)2R(CH2)nCOO
872
N
H
COO(CH2)nOOC
MeMe
EtOOC
O2N
N
H
MeMe
COOEt
NO2
N
H
COO(CH2)nOOC
MeMe
Me2HCOOC
O2N
N
H
MeMe
COOEt
NO2
973
1073
70. C. E. Sunkel, M. F. de Casa-Juana, L. Santos, A. G. Garcia, C. R. Artaljero, M. Vilaroya, L. Santos, A. G.
Garcia, C. R. Artaljero, M. S.Vilaroya, J. G. Priego; J. Med. Chem., 35, 2407 (1992).
71. D. Vo, W. C. Matowe, M. Ramesh, M. Iqbal, M. W. Wolowyk, S. E. Howlett, E. E. Knaus; J. Med. Chem.,
38, 2851 (1995).
72. L. Navidpour, H. Shafaroodi, R. Miri, A. R. Dehpour, A. Shafiee, IL FARMACO, 59, 261–269
(2004).
73. A. F. Joslyn, E. Luchowski, D. J. Triggle; J. Med. Chem., 31, 1498-1492 (1988).
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Ph
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74. D. Alker, S. F. Campbell, P. E. Cross, R. A. Burges, A. J. Carter, D. G. Gardined  J. Med. Chem.
33, 585-591 (1990).
75. J. E. Arrowsmith, S. F. Campbel1, P. E. Cross, R. A. Burges, D. G. Gardinerf; J. Med. Chem.,
32, 562-568 (1989).
76. J. E. Arrowsmith, S. F. Campbell, P. E. Cross, J. K. Stubbs, R. A. Burges, D. G. Gardiner, K. J. Blackburnt;
J . Med. Chem., 29, 1696-1702 (1986).
77. A. Foroumadi, N. Analuie, M. Rezvanipour, G. Sepehri, H. Najafipour, H. Sepehri, K. Javanmardi, F.
Esmaeeli; Il Farmaco, 57, 195–199 (2002).
78. R. Miri, K. Javidnia, H. Sarkarzadehb B. Hemmateenejada; Bioorg. Med. Chem., 14, 4842–4849 (2006).
79. T. Yamamoto, S. Niwa, S. Ohno, T. Onishi, H. Matsueda, H. Koganei, H. Uneyama, Shin-ichi Fujita, T.
Takeda, M. Kito, Y. Ono, Y. Saitou, A. Takahara, S. Iwata M. Shoji; Bioorg. Med. Chem. Lett., 16, 798–
802 (2006).
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2.1-B Unsymmetrical 1,4-DHPs with respect to cyano group.
Unsymmetrical 3-cyano-5-carboxyester-1,4-dihydropyridines (19) were
prepared by many researchs81-84 by condensation of aldehyde, 3-amino crotononitrile
with alkyl-3-aminocrotonate. These 3-cyano-1,4-DHP derivatives were useful as
coronary and cerebral vasodilators.
H
NH2CH3
NC
+
CH3
CHO
COOR1
CH3NH
N
H
NC
CH3
COOR1
CH3
R
19
Cozzi and co-workers85 have prepared unsymmetric 3-cyano-4-[3-imdazo-1-
yl]phenyl or 3-(1,2,4-triazol-1-yl)-1,4-DHP derivatives and they found the activity of
such DHPs in the treatment of prevention of breast endometrial, ovarian or pancreatic
cancers, gynecomastia, benign breast disease, endometriosis, ovarian disease, prostatic
hyperplasia and in the male fertility or female fertility control. Thus cyclization of 3-(1H-
imidazol-1-yl)benzaldehyde with 3-amino crotononitrile in glacial AcOH afforded 34%
(21), which showed IC50 of 1.7nm against human placental aromatase.
80. C. Velazquez, E. E. Knaus; Bioorg. Med. Chem., 12, 3831–3840 (2004).
81. H. Eberhard, F. Gerhard, J. Edgar, B. Roland, B. Ehrenfried, E. Gerhard, F. Werner, Ger. (East) patent,
122, 524; Chem. Abstr., 87, 23073m, (1977).
82. M. Carsten, B. Hans; S. African Patent, 7707702; C.A. 90, 186810z, 1979.
83. V. V. Kastron, G. Duburs, R. Vitolns, I. Skrastins, A. Kimenis; Khim-Farm. Zh., 19(5), 545-549, (1985);
Chem. Abstr., 104, 88392d, (1986).
84. E. Wehinger, F. Bossert, G. Frnckowia, H. Meyer., Ger. Offen. Patent 2,685,804, (1978); Chem. Abstr., 89,
109133j, (1978).
85. (a) P. Cozzi, G. Carganico, D. Fusar, M. Grossoni, M. Menichincheri, V. Pinciroli, R. Tonani, F. Vaghi, P
Salvati; J. Med. Chem., 36, 2964-2972 (1993). (b) P. Cozzi, G. Briatico, D. Guidci, A. Rossi, E. D. Salle; J.
Med. Chem. Res., 6(9), 611-617 (1996).
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N
R1
CH3CH3
NC
R2
R [CH2]
N
R1
CH3CH3
NC
N
X
N
R2
20 21
Dyachenko and co-workers86 have prepared unsymmetric 3-cyano-5-phenylcarbamoyl-
1,4-dihydropyridine-N-methyl morpholinium salt (22).
N
H
O
NH
CH3 X
CN
R H
N
O
CH3
+
22
The following compounds (23)87,88 and (24)89 are possesses cardiovascular, antineoplastic
activities and calcium channel modulating respectively.
N
H
O
OCH3
CN
CH3NH2
N
N
FCE-29013
23
N
H
O
O
CN
CH3NH2
N
CH3
CH3
Bay-y-5959
24
86. V. D. Dyachenko, S. G. Krivokalysko, V. P. Litvinov; Russ. J. Org. Chem., 34(6), 876-881 (1998); Chem.
Abstr., 130, 296591g, (1999).
87. Drug Data Report; 14(8), 697 (1992).
88. Drug Data Report; 19(6), 557 (1997).
89. Drug Data Report; 17(1), 48 (1995).
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3 SYNTHETIC ASPECT
The classical Hantzsch synthesis of 1,4-DHPs involving the condensation of an
aldehyde, ammonia and acetoacetic ester.54 Other 1,3-dicarbonyl compound was
modified by Beyer et al.90 and later by Knoevenagel et al.91 to allow the preparation of
unsymmetrical 1,4-dihydropyridines by condensation of an alkylidiene or arylidene 1,3-
dicarbonyl compound with a â-amino-á,â-unsaturated carbonyl compound. Knoevenagel
et al.91 have also prepared, for the first time unsymmetric 3-acetyl-1,4-DHPs by using
acetyl acetone instead of acetoacetic ester. There after Phillips et al.92 in 1951 and
Courts et al.93 in 1952 have synthesized unsymmetric 3-acetyl-1,4-DHPs of type (25)
and (26) respectively.
N
H
NO2
CH3CH3
O
OR
O
CH3
N
H
NO2
R1
R2
COCH3
CH3CH3
MeOOC
25 26
In 1955, Berson and Brown et al.94a reported for the first time the synthesis of a
quinoline containing unsymmetrical compound 4-(4-quinolyl)-2,6-dimethyl-3-carbenthxy-
5-acetyl-1,4-dihydropyridine. L. Mosti94b  have synthesized little different kind of 5-
acetyl-dihydropyridine derivates such as 2-substituted-5-acetyl-1,6-dihydro-6-oxo-3-
pyridine carboxylic acids for its positive intropic as well as cardiotonic activity and
structure activity relationship was also studied.
Method 1: Reaction of an aldehyde, â-aminocrotinic ester and acylacetic ester. Among
the compounds obtained by this method are Nicardipine, Nitrendipine and Felodipine.95
The reaction is carried out in the presence or absence of an alcohol such as methanol,
ethanol, isopropanol etc., an aromatic solvent such as benzene, toluene, etc., a
90. E. Bayer; Ber., 24, 1662 (1891).
91. E. Knoevenagel, W Ruschhautpt; Ber., 31, 1025, 1898.
92. A. P. Philips; J. Am. Chem. Soc., 73, 2248, (1951).
93. A. Courts, V. Petrow; J. Chem. Soc., 1, (1952).
94. (a)J. A. Berson, E. Brown; J. Am. Chem. Soc., 77, 444, 1955. (b) L.  Mosti; Euro. J. Med. Chem.,
24(5), 517-529,  (1989).
95. H. Herbert et al.; J. Org. Chem., 16, 1259 (1951).
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halogenated hydrocarbon such as chloroform, carbon tetrachloride etc., an ether such
as tetrahydrofuran, dioxane etc., an aprotic polar solvent such as acetonitrile,
dimethylfromamide, water etc., at room temperature to 150 oC preferably 30 to 100 oC.
Separation of the desired product form the reaction mixture is affected by conventional
operation like concentration, extraction, column chromatography, recrystallization etc.
NH2
CH
C
R4COO
R1
CONHPh-R
H2C
C
O R2
Ar
CHO
+
N
H
R4COO
Ar
COOR3
R1 R2
H
Method 2: Reaction of ammonia with a benzyldeneacyl acetic ester and acyl aceticester.
According to this method, Nimodipine has been obtained.96
O
CH2
C
R4COO
R1
CONHPh-R
C
C
O R2
CH2
Ar
CHO
+
N
H
R4COO
Ar
COOR3
R1 R2
H
NH3
Method 3: Reaction of â-aminocrotonic ester with benzylidieneacylacetic esters.
Nisoldipine and Felodipine have been obtained by this method.97
NH2
CH
C
R4COO
R1
CONHPh-R
C
O R2
HC
Ar
+
N
H
R2COO
Ar
COOR3
R1 R2
H
Method 4: In this process reaction of ketone with benzylideneacetylacetic ester in
presence of ammonia gas/solution, afforded to give the final product.97
O
CH2
C
R4COO
R1
CONHPh-R
C
O R2
HC
Ar
+
N
H
R2COO
Ar
COOR3
R1 R2
H
NH3
96. B. Love et al.; J. Med. Chem., 17, 956 (1974).
97. M. Iwanami et. al.; Chem Phar. Bull., 27, 1426 (1979).
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Method 5: In this method,97 reaction of respective alcohol with the concern acid chloride
of the 1,4-DHPs are reacted to obtain the ester functionality.
N
ClOC
Ar
CONHPh-R
R2 R1
N
H
R3COO
Ar
CONHPh-R
R2 R1
H
R3-OH
Treatment of á-alkoxycarbonyl-á,â-unsaturated trifluoromethyl ketones (27) with
â–aminocrotonates (28)  affords 2-hydroxy-6-methyl-2-trifluommethyl-l,2,3,4-
tetrahydropyridmes (29), which undergo dehydration by using phosphorus oxychloride/
pyridine absorbed on silica gel, giving good to high yields of 2-methyl-6-tfifluotumethyl-
l,4-cthydropyridines (30).98
O
R
1
R
2
O2C
F3C
+
CO2R
3
CH3NH2 N
H
R
1
CO2R3
CH3F3C
R2O2C
OH
N
H
R
1
CO2R3
CH3F3C
R2O2C
27 28 29 30
Z. A. Mostaghi et al.99,100 have synthesized a series of novel unsymmetrical
substituted 1,4-dihyedropyridines (31) and separation of the enantiomers of racemic
1,4-dihydropyridine containing isothiourido group.
N
H
COOC2H5H5C2OOC
CH3 CH2R
1
R
2
31
P. T. Perumal et al.101 have synthesized 3,4,5-Trifluorobenzeneboronic acid
catalyzed, ionic liquid mediated 4-pyrazolyl 1,4-dihydropyridines (32) at room
temperature by the cyclocondensation of ethyl 3-aminocrotonate, pyrazole aldehyde
98. I. Katsuyam, K. Funabiki, M. Matsui, H. Muramatsu, K. Shibata ; Tetrahedron Lett., 37(24),  4177-4178 (1996).
99. A. Z. Moshtaghi, O. M. Raisossadat, Sh. Q. Mollazadeh; Syn. Commu., 35, 2895–2903, (2005).
100. A. Z. Moshtaghi, O. M. Raisossadat, Sh. Q. Mollazadeh; ARKIVOC, XIV, 15-21, (2006).
101. R. Sridhar and P. T. Perumal; Tetrahedron, 61, 2465–2470 (2005).
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and a â-keto ester. The procedure adopted was found to be eco-benign, facile at room
temperature and better than the conventional, 1,4-dihydropyridine syntheses.
N N
X
NO
RO2C
N
H
COOC2R'O2C
CH3 CH3
O
CO2R'
CH3
+
COOC2H5
CH3NH2
H
N N
X
NO2
RO2C
CHO
32
Three-component condensation of aldehyde, â -ketoester and methyl 3-
aminocrotonate proceeds smoothly in 1-n-butyl-3-methylimidazolium tetrafluoroborate
[bmim]BF4 or 1-n-butyl-3-methylimidazolium hexafluorophosphate [bmim]PF6 ionic
liquids at room temperature under mild conditions to afford the corresponding 1,4-
dihydropyridine derivatives (33) in high yields.102
HR
O
CH3
O
O
O
CH3 CH3
NH2
OMe
O
M[bmim]BF4 or
[bmim]PF6
+ +
J. G. Beritenbucher and co-workers103 have reported the synthesis of a 272
compound library of 1,4-dihydropyridines on solid support utilizing the Hantzsch
condensation. Unwanted reactive impurities were removed from the desired products,
by selective cleavage from solid support.
102. J. S. Yadav, B. V. S. Reddy, A. K. Basak, A. V. Narsaiah; Green Chemistry, 5, 60–63 (2003).
103. J. G. Breitenbucher, G. Figliozzi; Tetrahedron Lett., 41, 4311-4315 (2000).
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4 CATALYTIC STUDY OF MOLECULAR IODINE
More than 100 year ago the first 1,4-DHPs were synthesized by Hantzsch and
Liebigs.104 The classical method involves a one-pot condensation of an aldehyde with
1,3-dicarbonyl compounds and ammonia either in acetic acid or in an refluxing alcohol
for a longer time.105 Due to some disadvantages of this method, there are several efficient
methods developed for the synthesis of 1,4-DHPs, which comprise the use of
microwave,106-108 ionic liquid,109,110 at high temperature in refluxing solvents,111-114 TMSCl-
NaI115 and metal triflates.116 However, the use of high temperatures, expensive metal
precursors and longer reaction times are limits of these methods. Due to these problems,
the development of an efficient and versatile method for the synthesis of 1,4-DHPs is an
active research area and there is a scope for further improvement towards mild reaction
conditions and to improve the yields of the reaction.
Molecular iodine117-120 has attracted attention as an inexpensive, non toxic, readily
available catalyst for various organic transformations to afford the corresponding products
in excellent yields with high selectivity. It has been used as a mild Lewis acid in the
dehydrat ion of  ter t iary alcohols  to  a lkenes,  in  the formation of  e thers ,
104. A. Hantzsch, J. Liebigs; Ann. Chem., 1, 215 (1882).
105. B. Loev, K. M. Snader; J. Org. Chem., 30, 1914 (1965).
106. B. M. Khadikar, V. G. Gaikar, A. A. Chitnavis; Tetrahedron Lett., 36, 8083 (1995).
107. L. Ohberg, J. Westman; Synlett., 1296 (2001).
108. A. Agarwal, P. M. S. Chauhan; Tetrahedron Lett., 46, 1345 (2005).
109. S.-J. Ji, Z.-Q. Jiang, J. Lu, T.-P. Loh; Synlett., 831 (2004).
110.  R. Sridhar, P. T. Perumal; Tetrahedron, 61, 2465 (2005).
111. A. Dondoni, A. Massi, E. Minghini, S. Sabbatini, V. Bertoasi; J. Org. Chem., 68, 6172 (2003).
112. A. Dondoni, A. Massi, E. Minghini, V. Bertoasi; Tetrahedron, 60, 2311 (2004).
113. N. Tewari, N. Dwivedi, R. P. Tripathi; Tetrahedron Lett., 45, 9011 (2004).
114. J. D. Moseley; Tetrahedron Lett., 46, 3179 (2005).
115. G. Sabitha, G. S. K. K. Reddy, Ch. S. Reddy, J. S. Yadav; Tetrahedron Lett., 44, 4129 (2003).
116. L.-M. Wang, J. Sheng, L. Zhang, J.-W. Han, Z. Fan, H. Tian, C.-T. Qian; Tetrahedron, 61, 1539
(2005).
117. J. Sun, Y. Dong, X. Wang, S. Wang, Y. Hu; J. Org. Chem.,69, 8932 (2004).
118. P. Phukan, Tetrahedron Lett., 45, 4785 (2004).
119. B. Ke, Y. Qin, Q. He, Z. Huang, F. Wang; Tetrahedron Lett., 46, 1751 (2005).
120. B. K. Banik, M. Fernandez, C. Alvarez; Tetrahedron Lett., 46, 2479 (2005).
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as well as â-keto enol ethers,121-123 for esterification,124 transesterification,125
acetylation118 and benzothiophene126 formation, but there are onlys few reports about its
use for the synthesis of 1,4-DHPs.127,128 Therefore, it is worthwhile to synthesize some
new symmetrical, unsymmetrical and N-substituted 1,4-DHPs promoted by a catalytic
amount of iodine under ambient conditions with good to excellent yields.127
A simple, inexpensive and efficient one-pot synthesis of 1,4-dihydropyridine
derivatives at room temperature using catalytic amount of iodine were reported by K.
Shengkai et al127 with excellent product yields.
Ar
CHO
O
O
O
CH3
O
O
CH3 NH4OAc+ + +
I2
r.t
M. A. Zolfigol et al.128 have synthesized N-hydroxyethyl 1,4-dihydropyridines (35)
by the condensation of  ethanolammonium acetate and various aldehydes in the presence
of methyl acetoacetate under mild and solvent-free conditions in good to excellent yields.
Reactions occurred both in the presence and in the absence of molecular iodine.
 
CH3 CH3
O O
+ RCHO + OH NH2
Cat. I2
Neat
40 °C
O
CH3
MeO
121. K. P. R. Kartha; Tetrahedron Lett., 27, 3415–3416 (1986).
222. G. Jenner; Tetrahedron Lett., 29, 2445–2448 (1988).
123.  R. S. Bhosale, S. V. Bhosale, S. V. Bhosale, T. Wang, P. K. Zubaidha; Tetrahedron Lett., 45,
7187–7188 (2004).
124. K. Ramalinga, P. Vijayalakshmi, T. N. B. Kaimal; Tetrahedron Lett., 43, 879–882 (2002).
125. S. P. Chavan, R. R. Kale, K. Shivasankar, S. I. Chandake, S. B.  Benjamin; Synthesis, 2695
(2003).
126. K. O. Hessian, B. L. Flynn; Org. Lett., 5, 4377 (2003).
127. S. Ko, M. N. V. Sastry, C. Lin, C. -F. Yao; Tetrahedron Lett., 46, 5771 (2005).
128. M. A. Zolfigol, P. Saleh, A. Khorramabadi-Zad, M. Shayegh, J. Mol. Catal., 261, 88 (2007).
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5 REACTION SCHEME
Classical method
Step-1
O
O
O
CH3
CH3
CH3
HO
R
+
O
O
CH3
CH3
CH3
Piperidine
Isopropanol
Step-2
O CH3
O
O
CH3
NH2 CH3
O
O
CH3Liquide NH3
Step-3
O
O
O
CH3
CH3
CH3
H
R
+
NH2 CH3
O
O
CH3
N
H
O
O
CH3
CH3
CH3
CH3
O
O
CH3
R
Catalytic method
O
O
O
CH3
CH3
CH3
HO
R
+
I2
r.t.
O CH3
O
O
CH3
NH4OAc
N
H
O
O
CH3
CH3
CH3
CH3
O
O
CH3
R
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6 REACTION MECHANISM
The active methylene compound i.e. 1,3-dicarbonyl compound reacts with one
mole of aryl aldehyde to give benzoylacetone and one mole reacts with ammonia to give
enamine compound. Michel addition of this results in the tautomeric system, which
undergoes cyclization to the hydroxy tetrahydropyridine, followed by loss of water. The
rate determining step is Michael addition
O
CH3
CH3
O
O
CH3 Ar
H O
CH3O
O
O
CH3
NH3++
Knoevenagel Condensation
O
ArO
H3CO
CH3
CH3
+
CH3NH2
O
O
CH3
Michael
Tautomerisaton
..
Ar
O
O
CH3
CH3
CH3
O
O
CH3
CH3OH H2N
H
+
Ar
O
O
CH3
CH3
CH3
O
O
CH3
CH3O H2N
..
N
H
O
O
CH3
CH3
CH3
O
O
CH3
Ar
CH3
OH
N
H
O
O
CH3
CH3
CH3
O
O
CH3
Ar
CH3
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7 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Classical method
Step-1 Synthesis of methyl-2-benzylidene-4-methyl-3-oxopentanoate.
In a 100 ml single neck flat round bottom flask 10 ml isopropyl alchol, methyl
isobutryl acetate (0.01 mole, 1.44 gm) was added at 25-30 oC; to this clear solution
piperidine (0.001 mole) and benzaldehyde (0.01 mole, 1.06 gm) was added. Reaction
mixture was heated to reflux temperature for two and half hr. The content was cooled to
25-30oC. The solid product was filtered and washed with cold ethanol to give the free
solid product, which was crystallized in methanol.
Step-2 Synthesis of methyl-3-amino-2-butenoate.
In a 100 ml conical flask methyl acetoacetate (0.01 mole, 1.16 gm) and ethanol
(10ml) were taken. To this mixture  liquid ammonia (0.05 mole) was added drop wise
manner with continuous stirring. After 6 hr the solid precipitate was appear, it was filtered
under vaccume and washed with saturated sodium bicarbonate solution (2 X 25 ml).
The title product was obtained in 68% yield. m. p. 65-68 oC.
Step-3 Synthesis of dimethyl-2-isopropyl-6-methyl-4-phenyl-1,4-dihydropyridine-
3,5-dicarboxylate.
A mixture of methyl-2-benzylidene-4-methyl-3-oxopentanoate (0.01 mole, 2.32
gm) and methyl-3-amino-2-butenoate (0.01 mole, 1.15 gm) was taken in 50 ml round
bottom flask with 10 ml ethanol. It was heated upto reflux temperature (65-70 oC) and
stirred for 8:30 hr. The reaction mixture was cooled to 25-30 oC, product was separated.
It was allow to settle. Solvent was decanted and remaning solvent was removed at
reduced pressure at 60-65 oC. The curd sticky product was purified over silica gel using
Hexane:Ethylacetate (7:3) as an eluant. The fractions were collected and concentrated
to obtained solid product. Yield 27%. m.p. 131-133 oC, Anal. Calcd. for C19H23NO4
Calcd: C, 69.28; H, 7.04; N, 4.25%, Found: C, 69.14; H, 6.94; N, 4.12%.
Similarly, other dimethyl-2-isopropyl-6-methyl-4-aryl-1,4-dihydropyridine-3,5-
dicarboxylates were prepared and crystallized from appropriate solvents, in some cases
the products were purified by column chromatography. The reaction time and percentage
yields of the respective reactions are depicted in the physical data Table-8a.
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Catalytic method
Molecular iodine catalyze synthesis of dimethyl-2-isopropyl-6-methyl-4-phenyl-
1,4-dihydropyridine-3,5-dicarboxylate.
A mixture of benzaldehyde (5 mmol, 0.53 gm), methyl isobutryl acetate (5 mmol,
0.72 gm), methyl acetoacetate (5 mmol, 1.079 gm), ammonium acetate (5 mmol, 0.358
gm) and iodine (1.5 mmol, 0.38 gm) was charged in a 25 ml round bottom flask containing
ethanol (2 ml). The reaction mixture was then stirred at room temperature until the reaction
was completed (3 hr monitored by TLC). The reaction mixture was treated with aq.
Na2S2O3 solution, extracted into ethyl acetate (2 ×  20 ml). The solvent was removed in
vacuo and the resulting crude product (94%) was recrystallized from the ethanol to give
the analytical grade pure product.
Similarly, other dimethyl-2-isopropyl-6-methyl-4-aryl-1,4-dihydropyridine-3,5-
dicarboxylates were prepared. The reaction time and percentage yields of the respective
reactions are depicted in the physical data Table-8a.
In catalytic method the overall yields of the products are higher than the
conventional counterparts.
Unsymmet r i ca l  1 ,4 -Dihydropy r id ine s 162
Chapter-4 (Section-I)
Table-8a: Physical constants of dimethyl-2-isopropyl-6-methyl-4-aryl-1,4-
dihydropyridine-3,5-dicarboxylates.
N
H
O
O
CH3
CH3
CH3
CH3
O
O
CH3
R
.rS
.oN
noitutitsbuS
R
/F.M
.tW.M
.P.M
oC
lanoitnevnoC
dohteM
citylataC
dohteM noitisopmoC%
dnuoF/.dclaC
dleiY
%
emiT
)rh(
dleiY
%
emiT
)rh(
C H N
a8 H C 91 H 32 ON 493.923 331-131 72 03:8 49 00:3
82.96
41.96
40.7
49.6
52.4
21.4
b8 HCO-4 3
C 02 H 52 ON 5
14.953 021-811 62 00:9 98 00:4
38.66
17.66
10.7
88.6
09.3
20.4
c8 ON-3 2
C 91 H 22 N2O6
83.473 621-421 92 00:8 19 03:3
59.06
48.06
29.5
97.5
84.7
75.7
d8 lC-4 C 91 H 22 ONlC 438.363 931-731 12 03:8 88 03:3
27.26
86.26
90.6
10.6
58.3
86.3
e8 HCO(-4,3 3)2
C 12 H 72 ON 6
44.983 741-541 81 00:9 58 54:3
77.46
58.46
99.6
58.6
06.3
45.3
f8 HCO(-5,2 3)2
C 12 H 72 ON 6
44.983 741-641 22 00:9 09 03:3
77.46
08.46
99.6
68.6
06.3
17.3
g8 HCO-2 3
C 02 H 52 ON 5
14.953 721-521 12 03:8 09 54:2
38.66
17.66
10.7
98.6
09.3
99.3
h8 HO-2 C 91 H 32 ON 583.543 241-041 81 03:9 68 51:4
70.66
01.66
17.6
06.4
60.4
79.3
i8 ON-4 2
C 91 H 22 N2O6
83.473 251-151 91 00:01 19 54:4
59.06
18.06
29.5
98.5
84.7
53.7
j8 H6CO-3 5
C 52 H 72 ON 5
84.124 751-651 62 00:8 69 51:3
42.17
61.17
64.6
15.6
23.3
12.3
k8 F-4 C 91 H 22 ONF 483.743 091-881 21 03:8 87 03:3
96.56
94.56
83.6
53.6
30.4
09.3
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8 SPECTRAL STUDY
IR spectra of dimethyl-2-isopropyl-6-methyl-4-(3,4-dimethoxyphenyl)-1,4-
dihydropyridine-3,5-dicarboxylate.
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1H-NMR spectra of dimethyl-2-isopropyl-6-methyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylate.
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1 INTRODUCTION
Synthetic derivatives of 1,4-dihydropyridine (1,4-DHPs) possess important
biochemical and pharmacological properties. They show modulating activity on
cardiovascular and neuronal processes1,2 and on corticosteroid regulatory circuits3 and
prevent inflammatory4 and diabetic processes5,6 and some show antineoplastic,7
geroprotective,8 radioprotective,9 and radiosensitizing effects10. Some of the positive
effects of 1,4-DHPs are long-term11,12 and thanks to their low or very low toxicity2 this
group of compounds appears to offer promise for medical applications.
In section-I of this chapter, introduction and biological profile and synthetic
aspects have been discuss in detailed for unsymmetric 1,4-DHPs. The synthetic aspects
of this heterocyclic moiety is also briefly reported in section-I.
Here we have synthesized some new symmetric 1,4-DHPs, and discuss about
it’s pharmacological profiles and synthetic aspects briefly .
1. J. Briede, K. Heidemanis, I. Dabina, G. Duburs; Cell Biochem. Funct., 20, 177–181 (2002).
2. I. Misane, V. Klusa, M. Dambrova, S. Germane, G. Duburs, E. Bisenieks, R. Rimondini; Eur.
Neuropsychopharmacol., 8, 329–347 (1998).
3. E. Liutkevicius, A. Ulinskaite, R. Meskys, K. Kraujelis, G. Duburs, V. Klusa; Biomed. Lett., 60, 39–46
(1999).
4. A. Klegeris, E. Liutkevicius, G. Mikalauskiene, G. Duburs, P.L. McGeer, V. Klusa; Eur. J. Pharmacol.,
441, 203–208 (2002).
5. J. Briede, D. Daija, E. Bisenieks, N. Makarova, J. Uldrikis, J. Poikans, G. Duburs; Cell Biochem. Funct.,
17, 97–105 (1999).
6. J. Briede, D. Daija, M. Stivrina, G. Duburs, Cell Biochem. Funct., 17, 89–96 (1999).
7. L. P. Vartanian, E. V. Ivanov, S. F. Vershinina, A. B. Markochev, E. A. Bisenieks, G. F. Gornaeva, Iu.I.
Pustovalov, T. V. Ponomareva; Radiat. Biol. Radioecol., 44, 198–201 (2004).
8. N. M. Emanuel, L. K. Obukhova, G. Ia. Duburs, G. D. Tirzit, Ia. R. Uldrikis; Dokl. Akad. Nauk SSSR, 284,
1271–1274 (1998).
9. E. V. Ivanov, T. V. Ponomarjova, G. N. Merkusev, G. J. Dubur, E. A. Bisenieks, A. Z. Dauvorte, E. M.
Pilscik; Radiobiol. Radiother. (Berl.), 31, 69–78 (1990).
10. E. V. Ivanov, T. V. Ponomareva, G. N. Merkushev, I. K. Romanovich, G. Ia. Dubur, E. A. Bisenieks, Ia. R.
Uldrikis, Ia. Ia. Poikans; Radiat. Biol. Radioecol., 44, 550–559 (2004).
11. R. I. Goncharova, T. D. Kuzhir, O. V. Dalivelya, G. Ya. Dubur, Ya. P. Uldrikis; Vestnik RAMN; 1, 9–19
(1995).
12. V. Klusa, S. German; Scan. J. Lab. Anim. Sci., 23, 403–409 (1996).
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2 SYNTHETIC ASPECT
Symmetric 1,4-sihydropyridinhes can be classified into two categories:
1. Symmetric with respect to 3 and 5 position.
2. Symmetric with respect to 2 and 6 position.
Particular category 1 is of the interest since 3,5-disubstituted symmetric 1,4-
DHPs posses various pharmacological activities and easily synthesized. Most of symmetric
1,4-DHPs have carboxyalkyl, caboxyaryl, cyano, acetyl, benzoyl, phenylcarbamoyl
groups at 3 and 5 position.
The chemistry of 1,4-dihydropyridine began with compounds having carboxylic
alkyl ester group at 3 and 5 position. The first 1,4-dihydropyridine was introduced by
Hantzsch et al.13 in 1982 having same ester group at 3 and 5 position. Many researchers
have synthesized 1,4-DHPs having aliphatic ester group,14 aromatic ester group15 and
heterocyclic ester group16 at position 3 and 5. After almost 80 years later structure and
hypertensive activity of Hantzsch type symmetric 3,5-disubstituted 1,4-DHPs thoroughly
investigated by Love and Co-workers.17 As a result Nifedipine18 came out as a promising
compound which exerted its cardiovascular effect through a direct action on vascular
smooth muscles. Several other drugs discovered and used such as Niludipine, Darodipine,
Riodipine Lacidipine, Flordipine in last tow decades.
3,5-Diacetyl-2,6-dimethyl-1,4-dihydropyridine compounds19,20,21 were
synthesized form acetyl acetone using aldehyde in presence of (NH4)2CO3 instead of
ammonia. Some researchers22,23 have synthesized this type of derivatives form sodium
13. A. Hantzsch; J. Am. Chem. Soc., 1, 215 (1951).
14. (a) P. J. Brignell, E. Bullock, U. Eisner, B. Gergorg, A. W. Johnson, H, Williams; J. Chem. Soc., 4819
(1963). (b) A. Kamal, A. A. Qureshi; Pakistan J. Sci. Ese., 15, 35 (1963); Chem. Abstr., 60, 1689 (1964).
15. A. P. Philips; J. Am. Chem, Soc., 73, 2248 (1951). (b) M. Furdik, A. Gvozdijakova; Acta. Fac. Rerum.
Natur. Uni. Comeniance Chem., 8, 581 (1964).
16. (a) R. F. Homer; J. Chem. Soc., 1574 (1958). (b) R. H. Wileg, J. S. Ridgeway., J. Org. Chem., 26, 595
(1961).
17. Love, Goodman, S. Tedeshi, Marko; J. Med. Chem., 17, 956, (1974).
18. V. Bossert., US 3,485,847 (1969); Arzneim. Forsch. Drug Res., 22, 330-388 (1972).
19. A. P. Phillips; J. Am Chem. Soc., 73, 2248 (1951).
20. V. K. Pllecok, J. Kuthan; Collect. Czech. Chem. Commun., 54, 462 (1989).
21. C. A. Haley, P. Maitland; J. Chem. Soc., 3155 (1951).22. J. Kuthan, J. Palecek; Collect.
Czech. Chem. Commun., 31, 2618 (1966).
23. J. Kuthan, J. Palecek; Collect. Czech. Chem. Commun., 34, 3336 (1969).
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salt of hydroxy methylene acetone instead of acetyl acetone. These methods are widely
used to synthesized 3,5-diacetyl 1,4-DHPs derivatives24,25 (1). In 1955, J. A. Bersone
et al.26 synthesized and studied photochemical disproportionation of 3,5-diacetyl and
3,5-dibenzoyl-1,4-DHPs derivatives (2).
N
H
CH3
OO
CH3
CH3 CH3
R
N
H
CH3
OO
CH3
CH3 CH3
NO2
1 2
Another class of 1,4-DHPs having a cyano group on 3 and 5 position was
prepared by A. Courts et al.27 in 1952. They have prepared 3,5-dicyano-1,4-dihydro-
2,6-diphenyl-4-(2-nitorphenyl)pyridine (3) as well as 3,5-dicyano-1,4-dihydro-2,6-
dimethyl-4-(2-nitorphenyl)pyridine (4) and other similar compounds.
N
H
CNNC
Ph Ph
R
3
N
H
CNNC
Me Me
R
4
Josef et al.28 have synthesized 3,5-dicyano-1,4-DHP compounds (5) by the
condensation of acetone/cyclopentanone/cyclohexanone  and benzoyl acetonitrile, with
a small amount of 2,4,6-triphenyl-2-cyanomethyl-2H-pyran  (6) as side product.
24. A. Shah, H. S. Joshi Gaveriya, N. Motohashi, M. Kawase; Anticancer Res., 20, 373 (2000).
25. B. D. Sinde, N. D. Sinde, M. S. Shingare; Ind. J. Chem., 34B, 920 (1955).
26. J. A. Berson, E. Brown; J. Am. Chem. Soc., 77, 447 (1955).
27. A. Courts, V. Petrow; J. Chem. Soc., 1 (1952).
28. K. Josef, P. Jaroslav, V. Lubos; Collect. Czech. Chem. Commun., 39(3), 854-860 (1974); Chem. Abstr.,
81, 13060q (1974).
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N
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R = CH3, R1 = (CH2)4, (CH2)5 O
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Ph Ph
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5 6
Similarly many symmetric 1,4-DHPs29 having cyano group at 3 and 5 position
and para biphenyl group at 2 and 6 position were prepared. When acetophenone reacted
with 3-aminocrotonitril gave symmetrical 3,5-dicyano-2,4,6-trimetyl-4-phenyl-1,4-
dihydropyridine30 (7) and aldehyde condensation with 3-aminocrotonitrile in suitable
acidic medium like acetic acid or hydrochloric acid gave symmetrical 3,5-dicyano-2,6-
dimethyl-4-substitutedphenyl-1,4-dihydropyridine.31,32
CH3
CN
NH2
CH3
N
H
CH3 CH3
CH3NC CN
7
J. S. Yadav and co-workers33 have synthesized symmetrical 1,4-dihydropyridiens
(8) by a one pot cyclocondensation of aldehyde, â-ketoester and urea on the surface of
silica gel under microwave irradiation in solvent free condition. P. T. Perumal et al.34
have also synthesized 1,4-DHPs under microwave irradiation within 0.75 to 3 min.
Synthesis of 1,4-DHPs in water using phase-transfer catalyst under microwave irradiation
have been done by Salehi et al.35 This new method consistently has the advantage of
good yields and short reaction time.
29. M. Stefan, K. Josef; Collect. Czech. Chem. Commun., 48(11), 3112-22 (1983); Chem. Abstr., 100,
85559v (1984).
30. W. T. James; US Patent, 3,973,025; Chem. Abstr., 85, 177262t (1976).
31. B. Roman, M. Marian, N. Pawl ; Pol., 86, 477 (1977) ; Chem. Abstr., 87, 135104d (1977).
32. K. Josef, K. Anotonin, P. Zdenek, P. Jaroslav; Collect. Czech. Chem. Commun., 43(4), 1068-69 (1978);
Chem. Abstr., 89, 10891u (1978).
33. J. S. Yadav, B. V. S. Reddy, P. T. Reddy; Synth. Commun., 31(3), 425-430 (2001).
34. M. Anniyappan, D. Muralidharan, P. T. Perumal; Synth. Commun., 32(4), 659-663 (2001).
35. H. Salehi, Quing-Xiang Guo; Synth. Commun., 23, 4349-4357 (2004).
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Songlei Zhu et al.36 have synthesized a series of bis-1,4-dihydropyridine
derivatives (9) by the reaction of p-phenylenedialdehyde and active methylene
compounds.
NH NH
COOR
COOR
COOR
COOR CH3
CH3
CH3
CH3
9
An efficient synthesis of 4-(butenolide-5-methylidenyl)-1,4-dihydropyridines (10)
has been achieved by S. S. Bisht et al.37 via a three-component reaction of â-ketoester,
ammonium acetate and vinylic aldehydes in the presence of tetrabutylammonium hydrogen
sulfate in ethylene glycol.
N
H
O
H
R
3
R
4
R
1
R
2
OR
O
OR
H
10
36. Songle Zhu, Shujang Tu, Yuan Gao; Synth. Commun., 35, 1011-1015 (2005).
37. S. S. Bisht, N. Dwivedi, R. P. Tripathi; Tetrahedron Lett., Article in press (2007).
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Recently, many researchers have investigated an efficient Hantzsch reaction for
one-pot synthesis of 1,4-dihydropyridines using various catalyst39-42 as described under.
Some authors have also synthesized 1,4-DHPs under microwave irradiation43-45, which
is cost  effective and time effective method, with high yield.
The synthesis of various symmetric 4-substituted 1,4-dihydropyridines has been
achieved by the reaction of aldehydes, ethyl/methyl acetoacetates, and ammonium acetate
using phase-transfer catalyst,46 ionic liquid,47 and under microwave irradiation.
HR
O
R1
O
R2
O
+
N
H
RO
R2
O
R1 R1
38, 39.........47
38. R. Osnaya, G. A. Arroyo, L. Parada, F. Delgado, J. Trujillo, M. Salmon, R Miranda; ARKIVOC, xi, 112-
117 (2003).
39. N. Tewari, N. Dwivedi, R. P. Tripathi; Tetrahedron Lett., 45, 9011–9014 (2004).
40. Jung Hwan Lee; Tetrahedron Lett., 46, 7329–7330 (2005).
41. M. A. Chari, K. Syamasundar; Catalysis Commu., 6, 624–626 (2005).
42. M. Maheswara, V. Siddaiah, Y. K. Raob, Yew-Min Tzeng, C. Sridhar; J. Mole. Catalysis A: Chemical,
260, 179–180 (2006).
43. S. A. Kotharkar, D. B. Shinde; Ukrainica Bioorganica Acta, 1, 3-5 (2006).
44. M. Anniyappan, D. Muralidharan, P. T. Perumal; Synth. Commun., 32(4), 659-663 (2002).
45. A. K. Chhillar, P. Arya, C. Mukherjee, P. Kumar, Y. Yadav, A. K. Sharma, V. Yadav, J. Gupta, R. Dabur, H.
N. Jha, A. C. Watterson, V. S. Parmar, A. K. Prasadb, G. L. Sharmaa; Bioorg. Med. Chem., 14, 973–981
(2006).
46. H. Salehi, Qing-Xiang Guo1, Synth. Commun. 34(23), 4349–4357 (2004).
47. Jean-Christophe Legeay, J. J. V. Eyndeb, J. P. Bazureaua, Tetrahedron, 61, 12386–12397 (2005).
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3 BIOLOGICAL PROFILE
Pharmacological active 4,4-disubstituted 1,4-dihydropyridine (11) has synthesized
by S. Goldmann and co-workers48, they have also proven the structure by X-ray
crystallography.
N
H
COOCH3H3COOC
CH3 CH3
NO2
CH3
11
M. Kuwano et al.49 reported that NIK-250 possessing a thiodioxene ring at the
4-position with a moderate calcium antagonistic activity could successfully reverse MDR
in vivo as well as in vitro through inhibition of P-glycoprotein function. Furthermore,
same author have reported that N279-9, which possessed an alkyl chain at the 4-position,
with much lower calcium antagonistic activity was also effective to overcome.50
S
S
N
H
O
O
N
O
N
O
CH3
CH3 CH3
NIK-250 (NK-250)
N
H
O
O
CH3
C
N
N27
The structure-activity relationships were studied on newly synthesized 1,4-
dihydropyridine derivatives (12) possessing a 1-pentyl group at the 4-position, and 3-
pyridylpropylester was found at 3 and 5-position to be one of the effective fragments
for overcoming P-glycoprotein mediated multidrug-resistance (MDR) in cultured human
cancer cells, in vitro  and MDR P388 leukemia-bearing mice, in vivo. All compounds
had relationship between MDR reversing effect and calcium antagonistic activity.51
48. S. Goldmann, L. Born, S. Kazda, B. Pittel, M. Schramm J. Med. Chem., 33, 1413-1418 (1990).
49. A. Kiue, T. Sano, K. Suzuki, H. Inada, M. Okumura, J. Kikuchi, S. Sato, K. Kohno, M. Kuwano; Cancer
Res., 50, 310 (1990).
50. H. Tanabe, S. Tasaka, H. Ohmori, N. Gomi, Y. Sasaki, T. Machida, M. Iino, A. Kiue, S. Naito, M. Kuwano,
Bioorg. Med. Chem., 6, 2219 (1998).
51. S. Tasaka, H. Ohmori, N. Gomi, M. Iino, T. Machida, A. Kiue, S. Naitob, M. Kuwanoc; Bioorg. Med.
Chem. Lett., 11, 275-277 (2001).
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New halogenated 1,4-dihydropyridines (13) were synthesized and evaluated for
their relaxant ability (rat aorta) and their antihypertensive activity in spontaneously
hypertensive rats; their microsomal oxidation rate (MOR) was determined.52
N
H
O
R
1
OO
O
R
1
CH3 CH3
R
13
The gene expression programming, a novel machine learning algorithm, is used to
develop quantitative model as a potential screening mechanism for a series of 1,4-
dihydropyridine calcium channel antagonists by Hong Zong Si et al.53
A number of 2,6-dimethyl-3,5-bis(methoxycarbonyl)-4-substituted-l,4-
dihydropyidines (14) were synthesized and evaluated for pregnancy-interceptive activity
in mated hamsters. They reduced the number of implantations when administered on
days 3-8 postcoitum. In an in vitro competition assay, none of the compounds exhibited
noticeable binding affinity for uterine progesterone receptors.54
52. Z. Herntindez-Gallegos, P. A. Lehmann F, E. Hong, F. Posadas, E. Herniindez-Gallegos;  Eur. J. Med.
Chem., 30, 355-364 (1995).
53. Hong Zong Si,, T. Wang, K. J. Zhang, Z. De Hua, B. Tao Fane; Bioorg. Med. Chem., 14, 4834–4841,
(2006).
54. A. Mukherjee, M. S. Akhtar, V. L. Sharma, M. Seth, A. P. Bhaduri, A. Agnihotri, P. K. Mehrotra, V. P.
Kamboj;  J. Med. Chem., 32, 2297-2300 (1989).
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1,4-Dihydropyrdines (15) having carbamoyl group at the position 3 and 5
synthesized by S. R Pattan and co-workers,55 they were screened all the compounds for
their antimicrobial activity against E. Coli and S. Ayrens by cup method.
N
H
NH
O
NH
O
O CH3
R R
CH3 CH3
H
15
Cozzi et al.56 studied anticancer activity especially as an aromatase inhibitory
activity of dicyano derivatives of 1,4-DHP (16)  containing an imidazol-1-yl at C4 position
of the phenyl ring. Aromatase inhibitory activity recorded in vitro near to 10-9M
concentration. Moreover compound was tested for TXA2-syntheis inhibition in which it
was found inactive upto 1.0X10-5M concentration.
N
N
N
NC
CH3 CH3
CN
R
16
55. S. R. Pattan, A. N. Parathe ; Ind. J. Het. Chem., 123, 387-388 (2003).
56. P. Cozzi, G. Briatoico, D. Giudici, A. Rossi, E. D. Salle., Med. Chem. Res., 69, 611-617 (1996).
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Pharmacological screening of the new 1,4-dihydropyridnes (17) were carried
out for CNS depressant (anticonvulsant and analgesic) and cardiovascular (intropic and
blood pressure) activities by standard methods. Neamati and co-workers57 have identified
3,5-dicaroamoyl derivative NSC-372643 as an anti-HIV agent.
N
H
NH
O
NH
O
CH3 CH3
OH OH
OH OH
NO2
NSC-372643
17
Kametani and co-workers58 have been prepared symmetrical DHPs (18) with
respect to C3 and C5 position.
N
H
NN
O
O
18
Shah et al.59 have synthesized 4-substituted phenyl-2,6-dimethyl-3,5-bis(N-
substituted phenyl)-carbamoyl-1,4-dihydropyridine (19) and studied their 2D QSAR as
well as antitubercular activity against M. Tuberculosis H37Rv.
N
H
NH
O
NH
O
CH3 CH3
H
R
R R
19
57. N. Neamati, Hong Huixai, A. Mazumder, Z. Pommier; J. Med. Che., 40(6), 942-951 (1997).
58. T. Kametani, K. Ogasawara, A. Kozuka; Yakugaku Zasshi, 89(9), 815-822 (1996); Chem, Abstr., 65,
20092h (1996).
59. B. Desai, D. Sureja, Y. Naliapara, A. Shah and A. K. Saxena; Bioorg. Med. Chem., 9, 1993-1998 (2001).
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Same authors60 have investigated the 3,5-dibenzoyl-1,4-dihydropyridines (20)
on vascular function in vitro, by comparing their mechanical and electrophysiological
actions in rat arota rings and single rate tail artery myocytes respectively. To quantify
their multi-drugs resistance (MDR) reversing activity in L5178 Y mouse T-lymphoma
cells transfacted with mdr-1 gene.
N
H
O O
CH3 CH3
R
20
60. S. Saponara, K. Masama, A. Shah, M. Motohashi, J. Molnar. K G. Sgaragali, F. Fusi; British Journal of
Phamacol., 141, 415-422 (2004).
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4 REACTION SCHEME
5 REACTION MECHANISM
R1 O
O
O
R2 Ar
H O
R1O
O
O
R2
NH3++
Knoevenagel Condensation
R1 O
ArO
O
R2
+
R1NH2
O
O
R2
Michael
Tautomerisaton
..
Ar
O
O
R1
O
O
R1OH H2N
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R2R2
+
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O
O
R1
O
O
R1O H2N
R2R2
..
R1 O
O
O
R2
CHO
R
R1O
O
O
R2
NH3
+
N
H
O
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R1 R1
R2 R2
R
(i) Ethanol, NH3
(ii) NH3OAc, I2, r.t. 
(i) Classical method 
(ii) Catalytic method 
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6 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Classical method
Synthesis of diisopropyl-2,6-dimethyl-4-(3-nitorphenyl)-1,4-dihydropyridine-3,5-
dicarboxylate.
In a 50 ml flat bottom flask isopropyl aceto acetate (0.02 mol, 2.88 gm), 10 ml
ethanol and benzaldehyde (0.01 mol, 1.06 gm) was taken. It was heated up to reflux
temperature and stirred for 30 min. The content was cooled to 25-30 oC and 25% NH3
solution (0.04 mol) was added. It was further heated up to reflux temperature (65-70 oC)
for 22 hr with stirring. Reaction mixture cooled to 25-30 oC, the light yellow product was
separated in the flask. The resulting product was filtered and washed with ether and
crystallized from ethanol to give analytical grade pure products. Yield 22%. m.p. 174-176
oC, Anal. Calcd. for C21H27NO4 Calcd: C, 70.56; H, 7.61; N, 3.92%, Found: C, 70.42;
H, 7.58; N, 3.84%.
Similarly, other 2,6-dialkyl-4-arlyl-1,4-dihydropyridine-3,5-dialkyldicarboxylates
were prepared and crystallized from appropriate solvents, in some cases the products
were purified by column chromatography. The reaction time and percentage yields of
the respective reactions are depicted in the physical data Table-9a.
Catalytic method
Synthesis of diisopropyl-2,6-dimethyl-4-(3-nitorphenyl)-1,4-dihydropyridine-3,5-
dicarboxylate.
A mixture of benzaldehyde (5 mmol, 0.53 gm), isopropyl aceto acetate (10 mmol,
1.44 gm), ammonium acetate (5 mmol, 0.358 gm) and iodine (1.5 mmol, 0.38 gm) was
charged in a 25 ml round bottom flask containing ethanol (2 ml). The reaction mixture
was stirred at room temperature until the reaction was completed (3:15 hr monitored by
TLC). The reaction mixture was treated with aq Na2S2O3 solution, extracted into ethyl
acetate (2 
×
 20 ml). The solvent was removed in vacuo and the resulting crude product
(88%) was recrystallized from the ethanol to give the analytical grade pure product.
Similarly, other 2,6-dialkyl-4-arlyl-1,4-dihydropyridine-3,5-dialkyldicarboxylates
were prepared and crystallized from appropriate solvents, in some cases the products
were purified by column chromatography.. The reaction time and percentage yields of
the respective reactions are depicted in the physical data Table-9a.
In catalytic method the overall yields of the products are higher than the
conventional counterparts.
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Table-9a: Physical constants of 2,6-dialkyl-4-arlyl-1,4-dihydropyridine-3,5-
dialkyldicarboxylates.
N
H
O
OO
O
R1 R1
R2 R2
R
.rS
.oN
noitutitsbuS
R R1 R2
/.F.M
.tw.M
.P.M
oC
lanoitnevnoC
dohteM
citylataC
dohteM
noitisopmoC%
dnuoF/.dclaC
dleiY
%
emiT
)rh(
dleiY
%
emiT
)rh( C H N
a9 H HC 3 HC(HC 3)2
C 12 H 72 ON 4
44.753 671-471 22 00:22 88 51:3
65.07
24.07
16.7
85.7
29.3
48.3
b9 HCO-4 3 HC 3 HC(HC 3)2
C 22 H 92 ON 5
64.783 041-831 32 00:02 49 00:3
02.86
10.86
45.7
25.7
16.3
84.3
c9 ON-3 2 HC 3 HC(HC 3)2
C 12 H 62 N2O6
44.204 251-051 12 03:02 88 03:3
76.26
45.26
15.6
94.6
69.6
96.6
d9 lC-4 HC 3 HC(HC 3)2
C 12 H 62 ONlC 4
44888.193 091-881 92 00:91 19 03:2
63.46
12.46
96.6
85.6
75.3
24.3
e9 HCO(-4,3 3)2 HC 3 HC(HC 3)2
C 32 H 13 ON 6
94.714 741-541 13 00:81 29 54:2
71.66
11.66
84.7
44.7
53.3
12.3
f9 HCO(-5,2 3)2 HC 3 HC(HC 3)2
C 32 H 13 ON 6
94.714 051-741 53 00:81 49 03:2
71.66
90.66
84.7
54.7
53.3
91.8
g9 HCO-2 3 HC 3 HC(HC 3)2
C 22 H 92 ON 5
64.783 241-141 03 00:91 98 51:3
02.86
30.86
45.7
44.7
16.3
52.3
h9 HO-2 HC 3 HC(HC 3)2
C 12 H 72 ON 5
87244.373 071-861 91 00:12 28 03:3
45.76
33.76
92.7
61.7
57.3
56.3
i9 ON-4 2 HC 3 HC(HC 3)2
C 12 H 62 N2O6
44.204 551-351 91 03:91 28 00:3
76.26
55.26
15.6
34.6
69.6
37.6
j9 H6CO-3 5 HC 3 HC(HC 3)2
C 72 H 13 ON 5
35.944 291-091 02 03:71 48 54:2
41.27
20.27
59.6
88.6
21.3
30.3
k9 F-4 HC 3 HC(HC 3)2
C 12 H 62 ONF 4
34.573 102-002 02 00:91 38 03:3
81.76
60.76
89.6
88.6
37.3
94.3
l9 H HC(HC 3)2 HC 3
C 12 H 72 ON 4
44.753 951-751 42 00:91 59 00:3
65.07
14.07
16.7
75.7
29.3
09.3
m9 HCO-4 3 HC(HC 3)2 HC 3
C 22 H 92 ON 5
64.783 761-561 22 03:91 29 00:3
02.86
10.86
45.7
54.7
16.3
24.3
n9 ON-3 2 HC(HC 3)2 HC 3
C 12 H 62 N2O6
44.204 631-431 02 03:02 98 00:4
76.26
55.26
15.6
25.6
69.6
39.6
o9 lC-4 HC(HC 3)2 HC 3
C 12 H 62 ONlC 4
44888.193 081-871 62 00:81 49 03:2
63.46
41.46
96.6
05.6
75.3
04.3
p9 HCO(-4,3 3)2 HC(HC 3)2 HC 3
C 32 H 13 ON 6
94.714 381-181 23 03:81 59 03:2
71.66
50.66
84.7
74.7
53.3
31.3
q9 HCO(-5,2 3)2 HC(HC 3)2 HC 3
C 32 H 13 ON 6
94.714 071-861 33 00:91 39 00:4
71.66
20.66
84.7
53.7
53.3
61.3
r9 HCO-2 3 HC(HC 3)2 HC 3
C 22 H 92 ON 5
64.783 741-441 13 00:81 39 54:2
02.86
11.86
45.7
74.7
16.3
84.3
s9 HO-2 HC(HC 3)2 HC 3
C 12 H 72 ON 5
87244.373 551-351 71 00:91 58 54:3
45.76
05.76
92.7
12.7
57.3
26.3
t9 ON-4 2 HC(HC 3)2 HC 3
C 12 H 62 N2O6
44.204 061-851 91 00:02 58 51:4
76.26
84.26
15.6
64.6
69.6
36.6
u9 H6CO-3 5 HC(HC 3)2 HC 3
C 72 H 13 ON 5
35.944 371-171 22 03:71 78 03:4
41.27
90.27
59.6
28.6
21.3
50.3
v9 F-4 HC(HC 3)2 HC 3
C 12 H 62 ONF 4
34.573 091-881 02 00:02 68 03:3
81.76
30.76
89.6
08.6
37.3
96.3
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7 SPECTRAL STUDY
IR spectra of diisopropyl-2,6-dimethyl-4-(3-nitorphenyl)-1,4-dihydropyridine-3,5-
dicarboxylate.
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epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 0892
).mys(.rtsH-C 0782
)mysa(d.p.iH-C 3841
)mys(d.o.oH-C 0531
citamorA
.rtsH-C 2413
)noteleks(C=C 9251
gnidneb.p.iH-C 6101
gnidnebp.oH-C 538
lynobraC .rtsO=C- 9961
enimA
.rtsHN- 2633
.fedHN- 7461
N
H
O
OO
O
CH3 CH3
CH3
CH3
CH3
CH3
NO2
Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of  di isopropyl-2,6-dimethyl-4-(3,4-dimethoxyphenyl)-1 ,4-
dihydropyridine-3,5-dicarboxylate.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of Dimethyl-2,6-diisopropyl-4-phenyl-1,4-dihydropyridine-3,5-
dicarboxylate.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of dimethyl-2,6-diisopropyl-4-(4-methoxyphenyl)-1,4-dihydropyridine-
3,5-dicarboxylate.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of diisopropyl-2,6-dimethyl-4-(3,4-dimethoxyphenyl)-1,4-
dihydropyridine-3,5-dicarboxylate.
N
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CH3 CH3
CH3
CH3
CH3
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OCH3
Ha
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of diisopropyl-2,6-dimethyl-4-(3,4-dimethoxyphenyl)-
1,4-dihydropyridine-3,5-dicarboxylate.
N
H
O
OO
O
CH3 CH3
CH3
CH3
CH3
CH3
OCH3
OCH3
Ha
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 51.1-41.1 H6 telbuod HC- 3 )lyporposI( 42.6
2 52.1-42.1 H6 telbuod HC- 3 )lyporposI( 42.6
3 13.2 H6 telgnis HC- 3 -
4 18.3 H3 telgnis HCO- 3 -
5 38.3 H3 ttelgnis HCO- 3 -
6 29.4 H1 telgnis aH- -
7 00.5-49.4 H2 telpitlum HC- )lyporposI( -
8 08.5 H1 telgnis HN- -
9 88.6-07.6 H3 telpitlum H-rA -
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1H-NMR spectra  of  d i i sopropyl-2 ,6-dimethyl-4- (3-ni trophenyl) -1 ,4-
dihydropyridine-3,5-dicarboxylate.
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Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of diisopropyl-2,6-dimethyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylate.
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1H-NMR spectra  of  d imethyl-2 ,6-di i sopropyl-4- (3-ni trophenyl) -1 ,4-
dihydropyridine-3,5-dicarboxylate.
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Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of dimethyl-2,6-diisopropyl-4-(3-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylate.
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1H-NMR spectra of  dimethyl-2,6-di isopropyl-4-(4-chlorophenyl)-1,4-
dihydropyridine-3,5-dicarboxylate.
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Solvent: CDCl3.
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synthesis, Characterization and
Antimicrobial screening of
N-Phenylsubstituted 1,4-dihydropyridines
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1 INTRODUCTION
During discovery of Nifedipine, Loev and co-workers1 reported that the N-phenyl-
1,4-dihydropyridinewas also formed by reaction of benzalaniline and acetoacetic ester. 2,3
1,4-Dihydropyridines are versatile compounds because their derivatives play
important roles in medicinal chemistry; for example, nifedipine, amlodipine and other
antihypertensive agents.4 Among the numerous methods developed for the synthesis of
1,4-dihydropyridines, Hantzsch reaction is one of the most well-accepted methods and
much effort has been made to modify this reaction.5 However, these classical methods
were not enough to make pyridine libraries.
2 SYNTHETIC ASPECT AND BIOLOGICAL PROFILE
In 2001, Balalaie and Kowsari reported that microwave irradiation promoted
the three-component reaction of an aromatic amine, an aromatic aldehyde, and ethyl
propiolate to give N-substituted 1,4-dihydropyridine in a high yield.6 This method may
be useful for easily preparing 1,4-dihydropyridine but required expensive microwave
apparatus and severe reaction conditions.7
Out of many 1,4-dihydropyridine drugs only Flordipine (1) is N-substituted
derivative that has proved to be very good calcium channel antagonist, contrary to be
belief proposed by D.J.Triggle8 that N-substituted 1,4-dihydropyridine was not shown
1. B. Loev, M. Marjorie, Goodman, M. Kenneth, R. Tedeschi, M. Edward; J. Med. Chem.,17, 9 (1974).
2. B. Lachowicz, A. Monatsch; Chem., 17, 343 (1896).
3. B. Emmert, E. Diefenbach, R. Eck; Ber., 60, 2216 (1927).
4. (a) F. Bossert, H. Meyer, E. Wehinger; Angew. Chem., Int. Ed. Engl., 20, 762 (1981). (b) S. Goldmann, J.
Stoltefuss, Angew. Chem., Int. Ed. Engl., 30, 1559 (1991). (c) H. Nakayama, Y. Kasoaka; Heterocycles,
42, 901 (1996).
5. Recent examples, see: (a) M. A. Chari, K. Syamasundar; Catal. Commun., 6, 624 (2005). (b) L.-M.
Wang, J. Sheng, L. Zhang, J.-W. Han, Z.-Y. Fan, H. Tian, C.-T. Qian; Tetrahedron, 61, 1539 (2005). (c)
J. H. Lee; Tetrahedron Lett., 46, 7329 (2005). (d) S. Ko, M. N. V. Sastry, C. Lin, C.-F. Yao; Tetrahedron
Lett., 46, 5771 (2005). (e) R. K. Vohra, C. Bruneau, J.-L. Renaud; Adv. Synth. Catal., 384, 2571 (2006). (f)
G.-W. Wang, J.-J. Xia, C.-B. Miao, X.-L. Wu; Bull. Chem. Soc. Jpn., 79, 454 (2006).
6. S. Balalaie, E. Kowsari; Monatsh. Chem., 132, 1551 (2001).
7. A kitchen microwave, which is typically used as the microwave, is dangerous for the organic syntheses
due to the difficulty in controlling the reaction temperature.
8. D. G. Triggle; Drugs acting on icon channels and membranes, Comprehensive medicinal chemistry, 3,
1047 (1990).
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good antihypertensive activity, probably the concept of that time and -NH was believed
to essential for calcium channel antagonism.
N
COOEtEtOOC
CH3 CH3
CF3
N
O
1
N-methylnimodipine (2) was found to possess antidepressive9 characteristics (20
mg. P.O reduce the immobile phase by approximately 22% comparison to control values),
which provides excellent example of mechanism of  action similar to that of Flordipine.
V. Michael et.al.10 prepared antihypertensive and coronary vasodilator N-substituted
1,4-dihydropyridine (3).
N
COOCH2CH2CH3
CH3CH3
NO2
O
CH3 O
CH3
CH3
N CH3CH3
NO2
EtOOC COOEt
NH
CH3
CH3
OH
2 3
G. Guangyu  and co-workers11 have determined the expression of genes related
to mitochondrial function in the substantia nigra of mice treated with N-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) using a cDNA array.
9. H. Meyer et.al; DE 4133257 and EP 5336603 (Bayer A. G.).
10. V. Michael  et.al; Ger. Offen., 2,405,658; Chem. Abstr., 81, 169440b (1974).
11. G. Guangyu, A. Y. Deutch, J. Franklin, S. Levy, D. C. Wallace, J. Zhanga; Biochemical and Biophysical
Research Communications, 308, 197–205 (2003).
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A series of 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid diesters
substituted at the N-1 positions of the dihydropyridine (4) ring was synthesized by I. O.
Donkor et al.12 The in vitro cytotoxicity and in vitro and in vivo radioprotective efficacy
of these agents were evaluated in Chinese hamster (V-79) cells and CD2F1 male mice,
respectively.
CH3 CCH2COOR
O
+ R'CHO NH2R"+
CH3OH
R'O
O
R
CH3
R"
4
A detailed investigation on the electrochemical oxidation of some Hantzsch 1,4-
dihydropyridine derivatives (5) with the aim of study the influence of the hydrogen
substituent on the N1 position of the heterocyclic ring have been carried out in protic
and aprotic media by Lopez-Alarcon et al.13
N
O
O
CH3
O
CH3
OH R4
CH3 CH3
R1
5
N - (Phenyl ) -3 ,5-d icarbe thoxy-2 ,6-d imethyl -4- (3-n i t rophenyl ) -1 ,4-
dihydropyridine (6) has been synthesized and characterized by the X-ray diffraction
method by A. Shah et al.14 In 2005 same author15 has been reported the synthesis of N-
(Phenyl)-3,5-dicarbethoxy-2,6-dimethyl-4-(phenyl)-1,4-dihydropyridine (7) and N-(4-
methoxyphenyl)-3,5 dicarbethoxy-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine
(8) and characterized by the X-ray diffraction method.
12. I. O. Donkor, X. Zhou, J. Schmidt, K. C. Agrawal, V. Kishore; Bioorg. Med. Chem., 6, 563-568 (1998).
13. C. Lopez-Alarcon, L. J. Nunez-Vergara, J. A. Squella; Electrochimica Acta, 48, 2505-2516 (2003).
14. M. Mahendra, B. H. Doreswamy, A. R. Parecha, J. A. Patel, A. Shah, M. A. Sridhar, J. S. Prasad; Anal.
Sci.: X-Ray Str. Ana. Online, 20, 19 (2004).
15. M. Mahendra , B. H. Doreswamy, M. A. Sridhar, J. Shashidhara Prasad, A. R. Parecha, J. A. Patel, D.
Manvar, K. Dholaria, A. Shah; Cryst. Res. Techo., 41(1), 92-97 (2005).
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Cerium ammonium nitrate (CAN) catalyzed the three-component domino reaction
between aromatic amines, á ,â-unsaturated aldehydes, and ethyl acetoacetate, providing
an efficient new N-aryl-5,6-unsubstituted dihydropyridines (9).16
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A first series of novel N-alkyl substituted syn dimeric 4-aryl-1,4-dihydropyridines
(10) have been synthesised and evaluated as HIV-1 protease inhibitors in in vitro assays
by A. Hilgerotha and co-workers.17
16. V. Sridharan, P. T. Perumal, C. Avendano, J. C. Menendez; Tetrahedron, 63, 4407–4413 (2007).
17. A. Hilgerotha, A. Billichb, H. Liliec; Eur. J. Med. Chem., 36, 367–374 (2001).
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3 REACTION SCHEME
CH3 O
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OCH3
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CH3O
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O CH3
CH3
+
N
O
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CH3 CH3
CH3
CH3
CH3
CH3
R
NH2
R'
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(i) Classical method 
(ii) Catalytic method 
(i) Ethanol
(ii) I2, r.t. 
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4 REACTION MECHANISM
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Where R = Aryl
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5 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Classical method
Synthesis of  diisopropyl-1-phenyl-2,6-dimethyl-4-(3-nitorpheynyl)-1,4-dihydrop-
yridine-3,5-dicarboxylate.
A mixture of 3-nitrobenzaldehyde (0.01 mol, 1.51 gm), isopropyl acetoacetate
(0.02 mol, 2.88 gm) and 4-methoxyaniline (0.01 mol, 1.23 gm) was heated (without
solvent) on steam bath for 2:30 hr. After elimination of water, methanol (25 ml) was
added directly to the reaction mixture and refluxed further for 13 hr. The progress of the
reaction was monitored continuously by TLC. After completion of reaction the solvent
was removed at reduced pressure. The resulting product was crystallized from ethanol
to give analytical grade pure products. Yield 22%. m.p. 185-188 oC, Anal. Calcd. for
C28H32N2O7 Calcd: C, 66.13; H, 6.34; N, 5.51%, Found: C, 66.18; H, 6.24; N, 5.54%.
Similarly, other diisopropyl-1-substitutedphenyl-2,6-dimethyl-4-aryl-1,4-
dihydropyridine-3,5-dicarboxylates were prepared and crystallized from appropriate
solvents, in some cases the products were purified by column chromatography. The
reaction time and percentage yields of the respective reactions are depicted in the physical
data Table-10a.
Catalytic method
Synthesis of  diisopropyl-1-phenyl-2,6-dimethyl-4-(3-nitorpheynyl)-1,4-dihydrop-
yridine-3,5-dicarboxylate.
A mixture of benzaldehyde (5 mmol, 0.53 gm), isopropyl acetoacetate (10 mmol,
1.44 gm), 4-methoxy aniline (5 mmol, 0.615 gm) was heated (without solvent) on steam
bath for 2:30 hr. After elimination of water, iodine (1.5 mmol, 0.38 gm) and ethanol (5
ml) directly charge to the reaction mixture. The reaction mixture was then stirred at
room temperature until the reaction was completed (4 hr monitored by TLC). The reaction
mixture was treated with aq Na2S2O3 solution, extracted into ethyl acetate (2 ×  20 ml).
The solvent was removed in vacuo and the resulting crude product (94%) was
recrystallized from the ethanol to give the analytical grade pure product.
Similarly, other diisopropyl-1-substitutedphenyl-2,6-dimethyl-4-aryl-1,4-
dihydropyridine-3,5-dicarboxylates were prepared and crystallized from appropriate
solvents, in some cases the products were purified by column chromatography. The
reaction time and percentage yields of the respective reactions are depicted in the physical
data Table-10a.
In catalytic method the overall yields of the products are higher than the
conventional counterparts.
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Table-10a: Physical constants of diisopropyl-1-substitutedphenyl-2,6-dimethyl-
4-aryl-1,4-dihydropyridine-3,5-dicarboxylates.
N
O
OO
O
CH3 CH3
CH3
CH3
CH3
CH3
R'
R
.rS
.oN
noitutitsbuS
R 'R
/.F.M
.tw.M
.P.M
oC
lanoitnevnoC
dohteM
citylataC
dohteM
noitisopmoC%
dnuoF/.dclaC
dleiY
%
emiT
)rh(
dleiY
%
emiT
)rh( C H N
a01 ON-3 2 HCO-4 3
C 82 H 23 N2O7
65.805 881-581 22 00:31 18 00:4
31.66
81.66
43.6
42.6
15.5
54.5
b01 ON-3 2 H-
C 72 H 03 N2O6
35.874 081-771 42 00:41 38 03:4
77.76
56.76
23.6
82.6
58.5
87.5
c01 HCO-4 3 HCO-4 3
C 92 H 53 ON 6
95.394 071-861 52 03:31 38 00:5
75.07
55.07
51.7
91.7
48.2
58.2
d01 HCO-4 3 H-
C 82 H 33 ON 5
65.364 171-071 52 00:41 48 03:5
55.27
54.27
81.7
22.7
20.3
98.2
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6 SPECTRAL STUDY
IR spectra of diisopropyl-1-(4-methoxyphenyl)-2,6-dimethyl-4-(3-nitorpheynyl)-
1,4-dihydrop-yridine-3,5-dicarboxylate.
epyT edoMnoitarbiV mcycneuqerF 1-
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of diisopropyl-1-(4-methoxyphenyl)-2,6-dimethyl-4-(3-
nitorpheynyl)-1,4-dihydropyridine-3,5-dicarboxylate.
N
O
OO
O
CH3 CH3
CH3
CH3
CH3
CH3
NO2
Ha
OCH3
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of diisopropyl-1-(4-methoxyphenyl)-2,6-dimethyl-
4-(3-nitorpheynyl)-1,4-dihydropyridine-3,5-dicarboxylate.
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1H-NMR spectra of diisopropyl-1-phenyl-2,6-dimethyl-4-(3-nitorpheynyl)-1,4-
dihydrop-yridine-3,5-dicarboxylate.
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Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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1 INTRODUCTION
The major limitations of Biginelli reaction are lower yield and longer reaction
time. When different 1,3-diketone have used for the synthesis of designed molecules,
the major disadvantages are observed that, the yield obtain is very low and reaction
completion takes longer time. Moreover, product separation and work up also cause
problem and needed special techniques. Thus, three main disadvantages are lower yield,
longer reaction time and work up in Biginelli reaction when different building blocks are
used to synthesize library of compound.
In section-I of chapter-1, synthesis and characterization of DHPMs is briefly
reported and in section-II, synthesis of bicyclic systems derived from DHPM is also
reported. Importance of Biginelli reaction is very well described and recent development
on this more than hundred year old reaction is also briefly reviewed in chapter one.
In the electromagnetic spectrum, the microwave radiation region is located
between infrared radiation and radio waves. Microwaves have wavelengths of 1 mm-
1m, corresponding to frequencies between 0.3-300 GHz. The wavelength at which
industrial and domestic microwave apparatus intended for heating operates is regulated
to 12.2 cm, corresponding to a frequency of 2.450 (0.050) GHz.
Heating reactions with traditional equipment, such as oil baths,  sand baths and
heating mantles, is not only slow, it creates a hot surface on the reaction vessel where
products, substrates and reagents often decompose over time. Microwave (MW)
activation as a non-conventional energy source has become a very popular and useful
technology in organic chemistry. Microwave energy, in contrast, is introduced into the
chemical reactor remotely and passes through the walls of the reaction vessel heating
the reactants and solvents directly. Microwave dielectric heating drives chemical reactions
by taking advantage of the ability of some liquids and solids to transform electromagnetic
radiation into heat. A properly designed vessel allows the temperature increase to be
uniform throughout the sample, leading to fewer by-products and/or product
decomposition.
The short reaction times and expanded reaction range that is offered by microwave
assisted organic synthesis are suited to the increased demands in industry.1-5 It is also
offer to reduce side reactions, increase yields, and improve reproducibility. All types of
1. C. D. Dzierba, A. P. Combs; Annual Reports in Medicinal Chemistry, 37, 247-256 (2002).
2. V. Santagada, E. Perissutti, G. Caliendo; Curr. Med. Chem. 9, 1251-1284 (2002).
3. B. Wathey, J. Tierney, P. Lidstrom, J. Westman; Drug Discovery Today, 7, 373-380 (2002).
4. N. S. Wilson; G. P. Roth; Curr. Opin. Drug Disc.& Dev., 5(4), 620-629 (2002).
5. M. Larhed, A. Hallberg; Drug Discovery Today 2001, 6, 406-416.
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solvents can be used in MAOS. Polar solvents such as DMF, NMP and ethanol are
good microwave absorbers and will heat efficiently. On the other hand, less polar or
non-polar solvents such as toluene, dioxane and THF are more or less transparent to
the microwave irradiation and will not heat in the pure form. A large numbers of review
articles provide extensive coverage of the subject6-8. Mingos et al.9 have given a through
explanation of the underlying theory of microwave dielectric heating. Gedye10 and Langa11
have discussed the suggested ‘specific microwave effect’, Loupy et al.12 have published
a number of review on solvent-free reaction and Strauss13 has reported on organic
synthesis in high temperature aqueous systems.P. Lidstrom and co-workers14 have
reviewed the ‘Microwave assisted organic synthesis’ and ‘Microwave -  Assisted
chemistry in drug discovery’.15
High-speed microwave-assisted chemistry has attracted a considerable amount
of attention in recent years and has been applied successfully in various fields of synthetic
organic chemistry,16-24 including cycloaddition reactions,17 heterocycle synthesis,18 the
rapid preparation of radiolabeled materials,19 transition metal catalyzed processes,20
solvent-free reactions,21 and phase-transfer catalysis.22
6. K. M. K. Swamy, W.-B. Yeh, M.-J. Lin, C.- M. Sun; Curr. Med. Chem., 10, 2403 – 2423 (2003).
7. Microwaves in Combinatorial and High-Throughput Synthesis (Ed.: C. O. Kappe), Kluwer, Dordrecht,
2003 (a special issue of Mol. Diversity 2003, 7, pp. 95–307.
8. Online resources on microwave-assisted organic synthesis (MAOS), see: www.maos.net.
9. C. Gabriel, S. D. Tala Gabriel, E. H. Grant, B. S. J. Halsead, D. M. P. Mingos; Chem. Soc. Rev., 27, 213-
224 (1998).
10. R. N. Gedye, J. B. Wei; Can. J. Chem., 76, 525-532 (1998).
11. F. Langa, P. de la Cruz, A. de al Hoz, A. Diza-Ortiz, E. Diez-Barra; Contemp. Org. Synth., 4, 373-389
(1997).
12. A. Loupy, A. Petit, J. Hamelin, F. Texier-Boullet, P. Jacquault, D. Mathe; Synthesis, 1213-1234 (1998).
13. C. R. Strauss; Aus J. Chem., 52, 10403-10432 (1997).
14. P. Lidstrom, J. Tierney, B. Wathey, J. Westman; Tetrahedron, 57, 9225-9293 (2001).
15. F. Mavandadi, P. Lidstrom; Current Topics in Med. Chem., 4, 773-792 (2004).
16. (a) S. Caddick; Tetrahedron, 51, 10403-10432 (1995). (b) A. K. Bose, B. K. Banik, N. Lavlinskaia, M.
Jayaraman, M. S. Manhas, CHEMTECH, 27, 18-24 (1997). (c) C. R. Strauss, R. W. Trainor; Aust. J.
Chem., 48, 1665-1692 (1995).
17. A. de la Hoz, A. Dýaz-Ortis, A. Moreno, F. Langa; Eur. J. Org. Chem., 3659-3673 (2000).
18. R. S. Varma; J. Heterocycl. Chem., 36, 1565-1571 (1999).
19. N. Elander, J. R. Jones, S.-Y. Lu, S. Stone-Elander; Chem. Soc. Rev., 239-250 (2000).
20. N.-F. K. Kaiser, U. Bremberg, M. Larhed, C. Moberg, A. Hallberg; Angew. Chem., 112, 3742-3744 (2000).
21. (a) R. S. Varma; Green Chem., 43-55 (1999). (b) A. Loupy, A. Petit, J. Hamelin, F. Texier-Boullet, P.
Jacquault, D. Mathe, Synthesis, 1213-1234 (1998).
22. S. Deshayes, M. Liagre, A. Loupy, J.-L. Luche, A. Petit, Tetrahedron, 55, 10851-10870 (1999).
23. M. Larhed, A. Hallberg; Drug Discovery Today, 6, 406-416 (2001).
24. J. L. Krstenansky, I. Cotterill; Curr. Opin. Drug Discovery Dev, 4, 454-461 (2000).
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2. MICROWAVE-ASSISTED ORGANIC SYNTHESIS IN DRUG DISCOVERY
Nowadays, MAOS is gaining widespread acceptance in drug discovery
laboratories. The rapid acceptance of this technology parallels the rising cost of R&D
and decreases in number of FDA approvals, which have lead to what term as productivity
crisis. Microwave technology, by accelerating chemical reacting form hours or days to
minutes, provides quick results.
2.1 Radiolabeled organic molecules
MAOS is becoming especially popular for the preparation of isotpically labeled
compounds. This was used to prepare many organic compounds i.e. 11C-lablled
benzodiazepeine receptor antagonist N-methyl flumazenil (1),25 [18F]alatanserin (2)26 etc.
N
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2
2.2 Effect in lead optimization
Due to the ease of reaction scouting, optimization and production of focused
libraries, MAOS has already made an impact in lead optimization and medicinal
chemistry. Kidwai et al. have used microwave heating effectively in the synthesis of
Cephalosporins,27 antibacterial β-lactams28 and quinolines.29
Kappe et al.30 have prepared monastrol; the kinesis EG5 inhibitor, under
microwave dielectric heating. The inhibitor was synthesized via microwave assisted
Biginelli reaction, and was obtained in higher yield and improved purity compared to
traditional heating.
25. S. A. Stone-Elander, N. Elander, J. –O. Thorell, G. Solas, J. A. Svennebrink; J. Label. Compd. Radiopharm.,
34, 949-960 (1994).
26. C. Lemaire, R. Cantieaue, M. Guillaume, A. Plenevaux, L. Christiaens; J. Nucl. Med., 32, 2266-2272
(1991).
27. M. Kidwai, P. Mishra, K. R. Bhushan, R. K. Saxena, R. Gupta, M. Singh; Indian J. Chem., 38B, 993-997
(1998).
28. M. Kidwai, K. Kumar, P. Kumar; J. Indian Chem. Soc., 75, 12-103 (1998).
29. M. Kidwai, K. R. Bhushan, P. Sapra, R. K. Saxena, R. Gupta; Bioorg. Med. Chem., 8, 69-72 (2000).
30. C. O. Kappe, O. V. Shishkin, G. Uray; Tetrahedron, 56, 1859-1862 (2000).
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2.3 Process development
Microwave-assisted organic synthesis is beginning to play a greater role in process
development, especially in cases where classical methods require prolonged reaction
times and forced conditions. Batch reactors have recently been used in the scale up of
the decongestant and anti-asthmatic drug L-ephidrine,31 the preservative n-butylparaben32
and esteri-fication of benzoic acid33.
3. SCOPE OF MICROWAVE-ASSISTED ORGANIC SYNTHESIS
MAOS has been applied in various formats. These range from the traditional
solution phase synthesis to solid-phase synthesis, the use of solid supported reagents
and solvent free reactions. Here we have discussed examples using each of these
techniques in shortly.
3.1 N-Acylation
CH3
R
1
R
2
+ O
O
R
3
R
4
O
N
O
R
3
R
4
O
R
1
R
2
neat
N-Acylation-, maleimides, yields = 82-96%, (7 examples) Ref No. 34.
NH2N
S O
OH
O
NHN
S
+
SiO2
N-Acylation-, yields = 88%, (1 example)Ref No. 35.
31. V. B. Shukla, V. R. Madyar, B. M. Khhadlikar, P. R. Kulkarnil; J. Chem. Technol. Bioctechnol., 77, 137-
140 (2002).
32. X. Laio, G. S. D. Tala V. Raghavan, V. A. A. Yaylaan; Tetrahedron Lett., 43, 45-48, (2002).
33. G. Pipus, I. Plazl, T. Koloini; Ind. Eng. Chem. Res., 41, 1129-1134 (2002).
34. (a) H. N. Borah, R. C. Boruah, C. R. Sandhu; J. Chem. Res., 272-273 (1998). (b) S. Chandrasekhar, M.
Takhi, G. Uma; Tetrahedron Lett., 38, 8089-8092 (1997).
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3.2 Alkylation
R
1
R
2
O
R
3
R
4
OO EuCl3
.6H2O
R
2
OR
1
O
R
3
R
4
O
+
C-alkylation-, Michael addition, yields = 54-95%, (8 examples)Ref No. 36.
3.3 Aromatic and nucleophilic substitution
N
OH
O
R
1 + R2 NH2 N
NH
O
R
1
R
2
neat
Aromatic and nucleophilic substitution, yields = 60-91%, (11 examples) Ref No. 37.
NH2
NO2
O2N
Cl
NH
O2N
NO2
tetraethylene glycol+
Aromatic and nucleophilic substitution, yields = 70-85%, (1 example) Ref No. 38.
3.4 Condensation
R
2
NC
CHO
R
1+ NH4OAC
R
2
CN
R
1
Knoevenagel condensation, yields = 89-97%, (15 examples) Ref No. 39.
3.5 Cycloaddition
R
2
NH NH2
R
1
CHO
O
+ + K10 clay
N
N
O
R
2
R
1
1,3-Dipolar cycloaddition-, multicomponent reaction, yields = 60-75%, (14 examples) Ref No. 40.
35. H. Marquez, A. Plutin, Y. Rodriguez, E. Perez, A. Loupy; Synth. Commun. 30, 1667-1673 (2000).
36. A. Soriente, A. Spinella, M. DeRosa, M. Giordano, A. Scettri; Tetrahedron Lett., 38, 289-290 (1997).
37. D. Heber, E. V. Stoyanov ; Synlett., 11, 1747-1748 (1999).
38. (a) J. W. Elder, K. M. Holtz; J. Chem. Edu., 73, A104-A105 (1996). (b) J. S. Yadav, B. V. S. Reddy; New
J. Chem., 24, 489-491 (2000).
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3.6 Deprotection and protection
R
1
R
2
OH O
OO
R
1
R
2
+
H2SO4
SiO2
Protection of alcohols as tetrahydropyranyl eters, yields = 80-92%, (11 examples) Ref No. 41.
N
N N
N
O
O
O
O
O NH
N N
N
O
O
O
SiO2
N-Boc deprotection, yields = 56-98%, (12 examples of chemoselective deprotection) Ref No.42.
3.7 Esterification and transesterification
O
OHO
Cl
Cl
R1OH
SiO2
O
OR
1
O
Cl
Cl
Esterification-, of 2,4-dichlorophenoxy-acetic acid, yields = 95-99%, (9 examples) Ref No. 43.
O
OOH
OH
O
OO
OH
O
R
O
OOH
O
O
R
R OMe
O
K2CO3,PTC
DMSO or  DMF
and
Transesterification-, mixture of products, yields = 44-63%, (5 examples) Ref No. 44.
39. (a) A. K. Mitra, A. De, N. Karchaudhuri; Synth. Commun., 29, 2731-2739 (1999). (b) G. Sabitha, S. V. B.
Reddy, S. R. Babu, J. S. Yada; Chem. Lett., 773-774 (1998).
40. (a) B. Syassi, K. Bougrin, M. Soufiaoui; New J. Chem., 22, 1545-1548 (1998). (b) A. Arrieta, J. R. Carrillo,
F. P. Cossio, A. Diaz-Ortiz, M. Gomez-Escalonilla, A. De al Hoz, F. Langa; Tetrahedron Lett., 54, 13167-
13180 (1998).
41. M. M. Heravi, D. Ajami, M. Ghassemzadeh; Synth. Commun., 29, 1013-1016 (1999).
42. (a) J. G. Siro, J. Martin, J. L. Garcia-Navio, M. J. Remuinan, J. J. Vaquero; Synlett., 2, 147-148 (1998). (b)
D. S. Bose, V. Lakshminarayana, Tetrahedron Lett., 39, 5631-5634 (1998).
43. (a) L. Lami, B. Casal, J. Merino, E. Ruiz-Hitzky, L. Lami, A. Alvarez. L. Cuadra; Green Chem., 1, 199-204
(1999). (b) G. Chemat, M. Poux, S. A. Galema; J. Chem. Soc., Perkin Trans., 2, 2371-2374 (1997).
44. C. Limousin, J. Cleophaxa, A. Loupy, A. Petit; Tetrahedron, 54, 13567-13578 (1998).
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3.8 Heterocycles
O
NH2
OEt
O
O
OEt
+ +
R H
O
EtOH
N
H
R
OEtEtO
Dihydropyridine,  yields = 81-96%, (8 examples) Ref No. 45.
R
O
R
1
N2H4H2O
AcOH
N N
R
1
O
R
Pyrazoline,  yields = 73-88%, (11 examples) Ref No. 46.
NH NH2
X
R
1
+
CH3
R
R
2
OR
3
O O
PPE N
N
O
R
2
O
R
3
R
1
X
H
R
X = O, S
Pyrimidinone,  yields = 65-95%, (15 examples) Ref No. 47.
N
NH
O
R
R
1
SH CO2H
ZnCl2
DMF N
O
NHR
O
Thiazolidinone,  yields = 59-70%, (4 examples) Ref No. 48.
45. (a) R. Alajarin, P. Jordan, J. J. Vaquero, J. Alvarez-Builla, Synthesis, 389-391 (1995). (b) Y. W. Zhang, Z.
X. Shen, B. Pan, X. H. Lu, M. H. Chen; Synth. Commun., 25, 857-862 (1995).
46. (a) S. Paul, R. Gupta; Indian J. Chem., 37B, 1279-1282 (1998). (b) M. Kidwai, P. Misra; Synth. Commun.,
29, 3237-3250 (1999).
47. C. O. Kappe, D. Kumar, R. S. Varma; Synthesis, 10, 1799-1803 (1999).
48. M. Kidwai, P. Kumar, Y. Goel; K. Kumar; Indian J. Chem., 36B, 175-179 (1997).
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3.9 Organometallic reactions
I
+ CO2EtEtO2C
HSn(CH2CH2C10F21)3
cat. AIBN
cat. Pd(OAc)2, CuO
DMF-BTB
EtO2C
H CO2Et
Hydrostannylation and vinylic Stille coupling E/Z=5:1,  yields = 77%, (1 example) Ref No. 49.
3.10 Oxidation
N
H
R
OEt
OO
EtO
N
R
OEt
OO
EtOphenyliodine(III)
trifluroacetate
Oxidation of 1,4-dihydropyridines,  yields = 69-90%, (9 examples) Ref No. 50.
3.11 Rearrangement
OTs
R
1 OH
Ts
R
1
AlCl2-ZnCl2
SiO2
Thia-Fries rearrngement of arylsulfonates,  yields = 67-92%, (8 examples) Ref No. 51.
3.12 Reduction
R
1
O
R
2 1. N2H4
-PhMe
2. KOH
R
1
R
2
Wolff-Kishner reduction,  yields = 75-97%, (12 examples) Ref No. 52.
49. K. Olofsson, S.-Y. Kim, M. Larhed, D. P. Curran, A.  Hallberg; J. Org. Chem., 64, 4539-4541 (1999).
50. R. S. Varma, D. Kumar; J. Chem. Soc., Perkin Trans. 1, 1755-1757 (1999).
51. F. M. Moghaddam, M. G. Dakamin; Tetrahedron Lett., 41, 3479-3481 (2000).
52. S. Gadhwal. M. Baruah, J. S. Sandhu; Synlett., 10, 1573-1574  (1999).
T e t r a h y d r o p y r i m i d i n e s 224
Chapter-5
4. SYNTHESIS OF DIHYDROPYRIMIDINES
The classical synthesis of DHPMs was first reported by the Italian chemist Pietro
Biginelli in 1893, involving a one pot condensation of an aldehydes, â-ketoester and
urea under strongly acidic conditions53. However, this method suffers from low yields
(20-40%) of desired product. In order to improve efficiency of Biginelli reaction the
numbers of methods have been developed by various researchers.
4.1 Under microwave irradiation
The MAOS are attracting the interest of organic chemists and other researchers
due to their significant potential for converting reagent directly into respective products
in short reaction time with quantitative yields. Several procedures have been reported in
the literature for the synthesis of DHPMs under microwave irradiations with different
conditions and differnt catalyst.
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4.2 Catalysts
In recent years, development of efficient and new catalytic systems for synthesis,
yield improvement and reduce the reaction time of DHPMs is an active ongoing research
area. It is also useful for generating libraries of new molecules. Many Lewis catalysts,
heterogeneous catalysts and other catalysts have been reported in the literature as per
follows.
Reference No.
12-Molybdophosphoric acid - H3PMo12O40..................................63
Ion exchange resins - Nafion NR-50............................................64
KAl(SO4)2-12H2O – Alum..........................................................65
Metal triflimides - Ni(NTf2)2, Cu(NTf2)2 and Yb(NTf2)3.................66
Strontium(II) nitrate - Sr(NO3)2...................................................67
Polyoxometalate.........................................................................68
Phenylboronic acid - PhB(OH)2...................................................69
Tangstophosphoric acid - H3PW12O40...........................................70
53. P. Biginelli, Gazz. Chem. Ital., 23, (1893) 360.
54. J. J. V. Eynde, N. Hecq, O. Kataevab, C. O Kappe; Tetrahedron, 57, 1785-1791 (2001).
55. B. Desai, D. Dallinger, C. O. Kappe; Tetrahedron, 62, 4651–4664 (2006).
56. A. Dandia, M. Saha, H. Taneja; Journal of Fluorine Chemistry 90 17-2 1 (1998).
57. M. S. Manhas, S. N. Ganguly, S. Mukherjee, A. K. Jain, A. K. Bose; Tetrahedron Lett., 47, 2423–2425
(2006).
58. J-. C. Legeay, J. J. V. Eyndeb, J. P. Bazureaua; Tetrahedron, 61, 12386–12397 (2005).
59. V. R. Choudhary, V. H. Tillu, V. S. Narkhede, H. B. Borate, R. D. Wakharkar; Catal. Commun., 4, 449–453
(2003).
60. A. Shaabani, A. Bazgir; Tetrahedron Lett., 45, 2575–2577 (2004).
61. B. Liang, X. Wang, W. Jin-Xian, Z. Dua; Tetrahedron, 63, 1981–1986 (2007).
62. V. Singh, V. Sapehiya, V. Srivvastava, S. Kaur, Catal. Commun., 7, 571-578 (2006).
63. M. M. Heravi, K. Bakhtiari, F. F. Bamoharram; Catal. Commu., 7, 373–376 (2006).
64. J. K. Joseph, S. L. Jain, B. Sain; J. Mol. Catal. A: Chem., 247, 99–102 (2006).
65. J. Azizian, A. A. Mohammadi, A. R. Karimi, M. R. Mohammadizadeh; App. Catal. A: Gen., 300, 85–88
(2006).
66. I. Suzuki, Y. Suzumura, K. Takeda; Tetrahedron Lett., 47, 7861–7864 (2006).
67. Chenjiang Liu, Jide Wang, Yanping Li; J. Mol. Catal. A: Chem., 258, 367–370 (2006).
68. R. Fazaeli, S. Tangestaninejad, H. Aliyan, M. Moghadam; App. Catal A: Gen., 309, 44–51 (2006).
69. A. Debache, B. Boumoud, M. Amimour, A. Belfaitah, S. Rhouatia, B. Carbonib; Tetrahedron Lett., 47,
5697–5699 (2006).
70. M. M. Amini, A. Shaabani, A. Bazgir; Catal. Commu., 7, 843–847 (2006).
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Reference No.
Alum-SiO2 - KAl(SO4)2-12H2O..........................................................71
Sulfated Zirconia - ZrO2/SO4
2-............................................................72
Metallophthalocyanines - Co (II), Fe(II), Ru(II) and copper(II).............73
Chloroacetic acid – CH3COOCl.........................................................74
Propane phosphonic acid anhydride....................................................75
Ziegler–Natta...................................................................................76
TaBr5...............................................................................................77
Trichloroisocyanuric acid.......................................................................78
Sulfonic acid onto silica.....................................................................79
Copper iodide – CuI.........................................................................80
Fluoroboric acid - HBF4....................................................................81
Heteropoly acid - HPVMo11..............................................................82
71. J. Azizian, A. A. Mohammadi, A. R. Karimi, M. R. Mohammadizadeh; App. Catal A: Gen., 300, 85–88
(2006).
72. D. Angeles-Beltran, L. Lomas-Romero, V. H. Lara-Corona, E. González-Zamora, G. Negrón-Silva,
Molecules, 11, 731-738 (2006).
73. S. L. Jain, J. K. Joseph, S. Singhal, B. Sain; J. Mol. Catal. A: Chem., 268, 134–138 (2007).
74. Yang Yu, Di Liu, Chunsheng Liu, Genxiang Luo; Bioorg. Med. Chem. Lett., 17, 3508–3510 (2007).
75. F. L. Zumpe, M. Flu, K. Schmitz, A. Lender; Tetrahedron Lett., 48, 1421–1423 (2007).
76. A. Kumar, R. A. Maurya; J. Mol. Catal. A: Chem., 272, 53–56 (2007).
77. N. Ahmed, J. E. van Lier; Tetrahedron Lett., 48, 5407–5409 (2007).
78. M. A. Bigdeli, S. Jafari, G. H. Mahdavinia, H. Hazarkhani; Catal. Commu., 8, 1641–1644 (2007).
79. R. Gupta, S. Paul, R. Gupta; J. Mol. Catal. A: Chem., 266, 50–54 (2007).
80. H. R. Kalita, P. Phukan; Catal. Commu., 8, 179–182 (2007).
81. WeiYi Chen, SuDong Qin , JianRong Jin; Catal. Commu., 8, 123–126 (2007).
82. S. P. Maradur, G. S. Gokavi; Catal. Commu., 8, 279–284 (2007).
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5 GREEN CHEMISTRY CONCEPT
Environmental concerns in research and industry are increasing83 with the
increasing pressure to reduce the amount of pollutants produced, including organic
solvents whose recovery is mandated by ever more strict laws. Hence the challenge for
a sustainable environment calls for the use of clean procedures to avoid the use of harmful
solvents. The emergence of microwave assisted solid phase synthesis84 is a step forward
in this direction. In this expeditious and solvent free approach85 the adsorbed reactants
over solid supports are exposed to microwave irradiation. The salient features of these
high yield protocols with enhanced reaction rates and greater selectivity and experimental
ease of manipulation,86 but this technique does not exactly meet the definition of ‘no
solvent’.87 The usage of solvent is only eliminated at the primary reaction stage whereas
an appreciable amount of solvent is still required for the adsorption of reactants and
elution of the product at the pre- and post- reaction stages respectively. A “neat reaction”
is an alternative solvent-free approach that eliminates the use of a solid support as well
as solvent from the reaction. There has not been much advancement in this area as
direct heating of the reactants in the absence of solvent with a solid support, which often
leads to charring. But these solvents reactions can’t prove to be advantageous for
environmental reasons and can also offer the benefits of shorter reaction time.
Kappe et al.88 have synthesized 1,4-DHPS under solvent free and catalyst-free
condition. Recently B. C. Ranu et al.89 and M. Kidwai et al.90 have synthesized DHPMs
under ‘neat reaction’ defination.
Work done earlier in our lab on 1,4-DHMPs and interesting results obtained for
this structural class compounds. Earlier library of compounds was generated of DHPM
derivatives with phenyl carbamoyl moiety at C5 position. Moderate pharmacological
profile obtained for this library. In continuation of work, it was planned to develop various
modified compounds of this class.
83. Xie, W.-H.; Jin, Y.-F.; Wang, P. G. Chemtech.  1999, 29, 23.
84. Varma, R. S. Green Chem. 1999, 1, 43.
85. Kidwai M. Pure Appl. Chem. 2001, 73(1), 147.
86. Kidwai, M.; Sapra, P. Org. Prep. Proced. Int. 2001, 33, 381.
87. Dittmer, D. C. Chem. Ind. 1997, 779.
88. (a) C. O. Kappe; Tetrahedron, 49, 6937-6963 (1993). (b) C. O. Kappe; Acc. Chem. Res., 33, 360-413
(2000).
89. Ranu, B. C.; Hajra, A; Dey, S. S. Org. Process Res. & Dev. 2002, 6, 817.
90. Kidwai, M.; Saxena, S.; Mohan, R.; Veknkatramanan, R. J. Chem. Soc., Perkin Trans. 1 2002, 1845.
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6 CURRENT WORK
In chapter one, synthesis of pyrimidine derivatives have been reported with phenyl
carbamoyl moiety at C5 position; and fused systems of these molecules. In this chapter,
carbonyl group at C5 position of classical pyrimidine is replace with carbamoyl group
and isopropyl group replace with trifluoromethyl group. When the reactions carried out
under classical Biginelli reaction conditions, very long reaction time (12-15 hours) and
low yield (20-60%) cause major problem.
To overcome these problems, synthesis of pyrimidine derivatives were carried
out under microwave irradiation, without any solvent or catalysts. Yields were good to
excellent (85-95%) within shorter reaction time (1-7 minutes).
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7 REACTION SCHEME
O
CH3
O
OF3C
+
X
NH2
NH2
O
CH3
NH
N
H
OH
F3C
Ha
X
O
H
µv
Where X = O, S
R
CHO
R
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8 REACTION MECHANISAM
The 1,3-dicarbonyl i.e. 4,4,4-trifluoro-1-(4-methoxypheny)butane-1,3-dione was
cyclized  with arylaldehydes and urea/thiourea to give the tetrahydropyrimidines91, which
was considered to be a final product in Biginelli reaction. The structure of the final products
was confirmed by the earlier report by Saloutin, V. I et al.,92 Kappe et al.93 and D.
Subhas Bose et al.94
C
OH
+ -
OH
X
NH3
HN-
+
X
NH2
NH2 XH
NH2
HN
- +
+
µv
µv
µv
CF3O
O
H3CO
CF3OH
O
H3CO
CH
C
CF3OH
O
H3CO
-
+
NH
N
H
OH
F3C
X
HH
O
H3CO
91. Burgart, Ya. V.; Kuzueva, O. G.; Pryadeina, M. V.; Kappe, C. O.; Saloutin, V. I. Rus. J. Org. Chem. 2001, 37,
869-880.
92. Saloutin, V. I.; Burgart, Ya. V.; Kuzueva, O. G.; Kappe, C. O.; Chupakhin O. N. J. Fluorine Chem. 2000,
103, 17-23.
93. Kappe, C. O.; Falsone, S. F. Synlett 1998, 718.
94. Bose, S. D.; Sudharshan, M.; Chavhan S. W. ARKIVOC 2005, (iii), 228.
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9 EXPERIMENTAL
Melting points of all the synthesized compounds were taken in open capillary
bath on controlled temperature heating mental. The crystallization of all the compounds
was carried out in appropriate solvents. TLC was carried out on Silicagel-G as stationary
phase. Ethyl acetate: Hexane (5:5) was used as a mobile phase. The other solvent system
like acetone: benzene was also employed.
Synthesis of  4-hydroxy-5-(4-methoxybenzoyl)-6-phenyl-4-(trifluoromethyl)
tetrahydropyrimidin-2(1H)-one.
A mixture of 4,4,4-trifluoro-1-(4-methoxypheny)butane-1,3-dione (5 mmol, 1.23
gm), benzaldehyde (5 mmol, 0.53 gm) and urea (5 mmol, 0.3 gm) was placed in a flask
and irradiate under microwave at the power of 600W and 110-120 oC for 1:30  min.
After cooling, the resulting solid was crushed, washed with cold water, filtered and dried
under vacuum to give the crude product which is reasonably pure (>90%, purity by 1H
NMR). However, recrystallization from hot ethanol provides the analytically pure product.
Yield 85%. m.p. 211-213 oC, Anal. Calcd. for C19H17F3N2O4 Calcd: C, 57.87; H, 4.35;
N, 7.10%, Found: C, 57.55; H, 4.26; N, 7.03%.
Similarly, other urea/thiourea derivatives 4-hydroxy-5-(4-methoxybenzoyl)-6-
aryl-4-(trifluoromethyl)tetrahydropyrimidin-2(1H)-ones/thiones were prepared. The
reaction time and percentage yields of the respective reactions are depicted in the physical
data Table-11a & 12a.
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Table-11a: Physical constants of 4-hydroxy-5-(4-methoxybenzoyl)-6-aryl-4-
(trifluoromethyl)tetrahydropyrimidin-2(1H)-ones.
O
CH3
NH
N
H
OH
F3C
Ha
O
O
H
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM
.P.M
oC
dleiY a
%
emiT
)nim(
noitisopmoC%
dnuoF/.dclaC
C H N
a11 H C 91 1H 7F3N2O443.493 312-112 58 03:1
78.75
55.75
53.4
62.4
01.7
30.7
b11 HCO-4 3
C 02 H 91 F3N2O5
73.424 012-802 28 00:2
06.65
35.65
15.4
53.4
06.6
94.6
c11 ON-3 2
C 91 H 61 F3N3O6
43.934 822-622 48 00:3
49.15
68.15
76.3
05.4
65.9
54.9
d11 lC-4 C 91 H 61 FlC 3N2O487.824 332-132 08 00:5
22.35
71.35
67.3
94.3
35.6
03.6
e11 HCO(-4,3 3)2
C 12 H 12 F3N2O6
93.454 312-122 38 03:4
15.55
63.55
66.4
23.4
61.6
90.6
f11 HCO(-5,2 3)2
C 12 H 12 F3N2O6
93.454 712-512 28 03:3
15.55
52.55
66.4
22.2
61.6
11.6
g11 HCO-2 3
C 02 H 91 F3N2O5
73.424 232-032 97 03:1
06.65
85.65
15.4
15.4
06.6
06.6
h11 HO-2 C 91 H 71 F3N2O543.014 072-962 08 03:2
16.55
94.55
81.4
60.4
38.6
87.6
i11 ON-4 2
C 91 H 61 F3N3O6
43.934 172-962 87 03:3
49.15
54.15
76.3
22.3
65.9
32.9
j11 CO-3 6H5
C 52 H 12 F3N2O5
34.684 862-662 58 03:2
37.16
37.16
53.4
42.4
67.5
96.5
k11 F-4 C 91 H 61 F4N2O433.214 132-032 18 03:2
43.55
52.55
19.3
88.3
97.6
96.6
a )artcepsssamdnaRMNH1,RI(atadlartcepsdna.p.mybdeziretcarahcstcudorperupdezillatsyrcerfoesohtotrefersdleiY
T e t r a h y d r o p y r i m i d i n e s 233
Chapter-5
Table-12a: Physical constants of 4-hydroxy-5-(4-methoxybenzoyl)-6-aryl-4-
(trifluoromethyl)tetrahydropyrimidin-2(1H)-thiones.
O
CH3
NH
N
H
OH
F3C
Ha
S
O
H
R
.rS
.oN
noitutitsbuS
R
/alumroFraluceloM
thgiewraluceloM .P.M
oC dleiY
-a
%
emiT
)nim(
noitisopmoC%
dnuoF/.dclaC
C H N
a21 H C 91 H 71 F3N2O3S14.014 512-412 38 03:2
06.55
55.55
81.4
62.4
38.6
95.6
b21 HCO-4 3
C 02 H 91 F3N2O4S
34.044 532-332 18 00:2
45.45
62.45
53.4
32.4
63.6
82.6
c21 ON-3 2
C 91 H 61 F3N3O5S
04.554 152-052 48 03:3
11.05
10.05
45.3
05.3
32.9
54.9
d21 lC-4 C 91 H 61 FlC 3N2O3S58.444 262-062 97 03:4
03.15
13.15
36.3
44.3
03.6
22.6
e21 HCO(-4,3 3)2
C 12 H 12 F3N2O5S
64.074 742-542 18 03:2
16.35
95.35
05.4
65.4
59.5
58.5
f21 HCO(-5,2 3)2
C 12 H 12 F3N2O5S
64.074 652-552 38 03:2
16.35
16.35
05.4
34.4
59.5
09.5
g21 HCO-2 3
C 02 H 91 F3N2O4S
34.044 542-342 28 03:5
45.45
65.45
53.4
33.4
63.6
23.6
h21 HO-2 C 91 H 71 F3N2O4S04.624 162-062 97 00:4
25.35
64.35
20.4
01.4
75.6
14.6
i21 ON-4 2
C 91 H 61 F3N3O5S
04.554 182-082 08 00:3
11.05
41.05
45.3
53.3
32.9
60.9
j21 CO-3 6H5
C 52 H 12 F3N2O4S
05.205 092-882 68 03:2
57.95
08.95
12.4
90.4
75.5
04.5
k21 F-4 C 91 H 61 F4N2O3S04.824 082-872 18 03:2
72.35
91.35
67.3
07.3
45.6
05.6
a )artcepsssamdnaRMNH1,RI(atadlartcepsdna.p.mybdeziretcarahcstcudorperupdezillatsyrcerfoesohtotrefersdleiY
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9 SPECTRAL STUDY
IR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(4-methoxyphenyl)-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
 
500750100012501500175020002500300035004000
1/cm
0
20
40
60
80
100
%T
34
43
.0
5
32
17
.3
7
30
70
.7
8
29
01
.0
4
28
35
.4
5
16
76
.2
0
16
68
.4
8
16
08
.6
9
16
08
.6
9
15
08
.3
8
14
65
.9
5
14
21
.5
8
13
65
.6
5
13
42
.5
0
13
21
.2
8
12
88
.4
9
12
55
.7
0
12
05
.5
5
11
80
.4
7
11
38
.0
4
11
01
.3
9
10
70
.5
3
10
26
.1
6
10
10
.7
3
94
5.
15
88
7.
28
85
0.
64
81
5.
92
77
3.
48
72
1.
40
67
3.
18
60
3.
74
55
9.
38
47
4.
50
AKB-3
epyT edoMnoitarbiV mcycneuqerF 1-
HC-enaklA 3
).mysa(.rtsH-C 1092
).mys(.rtsH-C 5382
)mysa(d.p.iH-C 5641
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(2-methoxyphenyl)-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra  of  4-hydroxy-5-(4-methoxybenzoyl) -6- (4-ni trophenyl) -4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra  of  4-hydroxy-5-(4-methoxybenzoyl) -6-phenyl-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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IR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(2-methoxyphenyl)-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-thione.
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Instrument: Shimadzu FTIR-8400 using KBR DRS techniques. The percentage transmittance is
given in cm-1 and frequence range is between 400-4000cm-1.
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1H-NMR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(4-methoxyphenyl)-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
O
CH3
NH
N
H
OH
F3C
Ha
O
O
Hb
O
CH3
aa'
bb'
c
c'
d
d'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3 + DMSO [d6].
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Assignment of proton values of 4-hydroxy-5-(4-methoxybenzoyl)-6-(4-
methoxyphenyl)-4-(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
O
CH3
NH
N
H
OH
F3C
Ha
O
O
Hb
O
CH3
aa'
bb'
c
c'
d
d'
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 76.3 H3 telgnis HCO- 3 -
2 28.3 H3 telgnis HCO- 3 -
3 61.4-41.4 H1 telbuod bH 11
4 99.4-69.4 H1 telbuod aH 69.01
5 07.6-76.6 H2 telbuodelbuod 'aa 29.6
6 77.6-57.6 H2 ttelbuodelbuod 'dd 40.7
7 22.7-02.7 H2 telbuodelbuod 'bb 08.6
8 85.7-65.7 H2 telbuodelbuod 'cc 40.7
9 31.6 H1 telgnis HN- -
01 94.6 H2 telgnis HO-dna,HN- -
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1H-NMR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(3-nitrophenyl)-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
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lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 08.3 H3 telgnis HCO- 3 -
2 72.4-42.4 H1 telbuod bH 11
3 91.5-71.5 H1 telbuod aH 40.11
4 67.6-47.6 H2 telpirt 'aa 00.9
5 49.6 H1 telgnis HN- -
6 71.7 H1 telgnis HN- -
7 89.7-63.7 H6 telpitlum H-rA -
8 42.8 H1 telgnis HO -
O
CH3
NH
N
H
OH
F3C
Ha
O
O
Hb
NO2
a
a'
b
b'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: DMSO [d6].
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1H-NMR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(4-chlorophenyl)-4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-one.
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 28.3 H3 telgnis HCO- 3 -
2 51.4-21.4 H1 telbuod bH 40.11
3 30.5-00.5 H1 telbuod aH 11
4 97.6-57.6 H2 telbuodelbuod 'dd 80.21
5 97.6 H1 telgnis HN- -
6 48.6 H1 telgnis HN- -
7 51.7-31.7 H2 telbuod 'bb 84.8
8 82.7-62.7 H2 telbuod 'aa 84.8
9 94.7 H1 telgnis HO -
01 85.7-55.7 H2 telpirt 'cc 06.11
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d
d'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: DMSO [d6].
T e t r a h y d r o p y r i m i d i n e s 243
Chapter-5
1H-NMR spectra of 4-hydroxy-5-(4-methoxybenzoyl)-6-(4-methoxyphenyl)- 4-
(trifluoromethyl)tetrahydropyri-midin-2(1H)-thione.
O
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H
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F3C
Ha
S
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O
CH3
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of 4-hydroxy-5-(4-methoxybenzoyl)-6-(4-
methoxyphenyl)- 4-(trifluoromethyl)tetrahydropyri-midin-2(1H)-thione.
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CH3
NH
N
H
OH
F3C
Ha
S
O
Hb
O
CH3
aa'
bb'
c
c'
d
d'
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 86.3 H3 telgnis HCO- 3 -
2 28.3 H3 telgnis HCO- 3 -
3 22.4-91.4 H1 telbuod bH 63.11
4 10.5-89.4 H1 telbuod aH 23.11
5 27.6-07.6 H2 telbuodelbuod 'aa 67.6
6 49.6 H1 telgnis HO- -
7 32.7-12.7 H2 telbuodelbuod 'dd 40.7
8 51.7-31.7 H2 telbuodelbuod 'bb 67.6
9 82.7-62.7 H2 telbuodelbuod 'cc 40.7
01 07.7 H1 telgnis HN- -
11 40.8 H1 telgnis HN- -
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1H-NMR spectra  of   4-hydroxy-5-(4-methoxybenzoyl) -6-phenyl-4-
(trifluoromethyl)tetrahydropyrimidin-2(1H)-thione.
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F3C
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b
b'
Instrument: BRUKER 400 MHz (Avance - II), Internal reference: TMS,
Solvent: CDCl3.
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Assignment of proton values of 4-hydroxy-5-(4-methoxybenzoyl)-6-phenyl-4-
(trifluoromethyl)tetrahydropyrimidin-2(1H)-thione.
O
CH3
NH
N
H
OH
F3C
Ha
O
O
Hb
a
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b
b'
.rS
.oN
lacimehC
nitfihs
mpp
.oNevitaleR
snotorPfo yticilpitluM ecnerefnI
eulavJ
zHni
1 86.3 H3 telgnis HCO- 3 -
2 22.4-91.4 H1 telbuod bH 04.11
3 50.5-20.5 H1 telbuod aH 63.11
4 67.6-47.6 H2 telbuodelbuod 'bb 00.7
5 20.7 H1 telgnis HO- -
6 23.7-51.7 H5 telpitlum H-rA -
7 18.7-45.7 H2 telbuodelbuod 'aa 80.7
8 67.7 H1 telgnis HN- -
9 64.8 H1 telgnis HN- -
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